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TÉLONPON: FU oe Britain, 19s. ostal Union, of 


| India, 23a. 25 D, Nosraanp, 28, 
| Borvant. Librairie Etrangère, 43, Rue de la : A. 


JOHNSON PHILLIPS, 


| 

| 

| 

| | 


| UNION COURT, OLD BROAD STREET, LONDON, 8.0. WORKS :-—CHARLTON, KENT, 
| | | TELEGRAPHIC ADDRES8:---"4UNO ” LONDON. 
TELEPHONE No. 1010. PRIVATE WIRE. CITY OFFIONG TO WORKS. 


_ Submarine Cables, and Contractors for Underground and Aérial Telegraphs. 
Makers. of ‘Trott.& Hamilton's Patent Grapnel Rope and Trott & Kingsford’s Patent Indicating 


Cable Tanks “up and g-out Machi Stern Gear, Steam 
Machinery. param and Constructed for the emabiie Equipment of Telegraph Oable Factories: and Vessels. 
Steam and Hand Wire Sounding Machines for Deep and Shallow Water. $ 
| All Apparates and Material used in the Construction, Maintenance, and Working of LAND LINES, viz. :— 
POLES—Wrought Iron or Composite Poles for Telegraph, Telephone, and Electric Light purposes. House-Top Poles and Fittings. — 
| éélron atid Steel Wire, Galvanised, Plain, or Stranded. Insulated Wires of every description. HE, 
BA: Makers of Higgins’ Patent Bichromate Batteries, Leclanché, &c. 
INSTRU MENTS.—Morse, Needle, Bells, Galvanometers, and other Testing Instruments. | 


ani Cables, with Single oc Coven, | 
Insalated Copper Wires in Vulcanized India-rubber, Silk and Cotton taped or braided. 


¥ Lightning Conductors of the most approved types 


- 


SOLE MAKERS 


‘PELL ARC LAMP. 


-For ALTERNATING or CONTINUOUS currents, = 
SINGLE CARBON LAMPS, 16 HOURS; DOUBLE 82. HOURS. 


À 


PROFESSOR GEO. FORBES: | 
| PLEASE THE CRITICAL EYE. | 
PROFESSOR 8. P. THOMPSON :— Mr. LANT CABPENTER 
“UNIQUE.” BEST.” 


Mr. W. x PREECE, FES.— 
“ONE OF THE LATEST AND pan 


by Home, Colonial, and Foreign Governments ; Corporstions ; 


Docks + Mines + Factories ; Restaurants ; Photographers, 


| ENGINEERS AND ELECTRICIANS. es 


aasatactarers of al Telegraph Appliances, Materials, and Machinery for Making, Laying and maintaining | 


Tron and Steel ge , both Patent and Ordinary ; , Creepers, Mushrooms, | | 


Baker of Dynamos, Lamps, - Cables, { ELECTRIC € as, Caren | 
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WALTER T GLOVER & 


rn 
Sises for Electrical pur- 
| 


Spesially Insulated 


| GToer's Patent Covered: Gutta-Percha Wire for. Leading-in; Tunnel, and Wo | | 
WALTER GLOVER CO. 


| 


SILVER MEDAL, INTERNATIONAL. ELECTRIC EXHIBITION, 1889. 
International Inventions Exhibition, 1885, GOLD MEDAL tor Machinery, SILVER MEDAL for Cables and Wire, 


Wre and Tape of “MEADS & CABLES 


poses, 


4 
Electric Light Leads, 
‘ 
à 


| | Cables for the Telephomse | 
MANUFACTURERS, BY PATENT PROGESBES; OF GLOVER'S PATENT COVERED IRON WIRE FOR AERIAL LINES, 

Glover's Patent Covered) High-Condnetivity Copper Wire for Aërial Lines, 


THOROUGHLY INSULATED ANTI-INDUCTION TELEPHONE CABLES UP TO ONE HUNDRED WIRES, 


Glectrical Wire and Gable Makers, 


| SALFORD, MANCHESTER. | 


Street Iron Works. 
 WORES-— -} Salford Electric Wire Works. SALFORD. 
Springfield Lane Cable Works. 


“LONDON: 10, HATTON GARDEN, EC. - 
_ ELLIOTT BROTHERS, 


107 & 102, ST. MARTIN’S LANE, LONDON, MC. 


 (ESTABLISHED 


ELRCTRICAL ENGINEERS AND MANUFACTURERS OF ALL, KINDS 


SUBMARINE MINING APPARATUS, &. CONTRACTORS. T0 EM. GOVERNMENT, 


Sole Agents in England for Sir William Thomson's Standard Blectric Instrumente: 


Hight Award Pr 18%, ay a 


Telegraph Addresa: “OHM,” LONDON, Telephone No. 


WROT IRON! 


OR "STEEL. | 


GAS. STEAM, WATER, 
BOILER TUBES | 


for ELECTRICAL CONDUCTORS, PLAIN on GALVANIZED} | 


GREAT-BRIDGE srarrorosuine 


LONDON OFFICE:46. QUEEN VICTORIA S'ec 
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W.H. WILLCOX & Co, 
Oil Refiners, 
36, SOUTHWARK STREET, 


LONDON. 
Works:—EWER STREET, 


TELEPHONE No. 4740. 


| 


nu it 


ONLY OIL used last three years by the largest LT 
Electric Installations in London, 
Samples sent on applicatiou, 


SUCCESS GUARANTEED. TRIAL SOLICITED. 


Price 2s. 9d.per Gallon. 


Our Oil is now recommended by the principal 
Electricians, and is also suitable for 


SHAFTING, ENGINES, 
For use on Dynamos and 
AND GENERAL PURPOSES. 9997 High-Speed Engines. 


FREDERICK SMITE @ CO. 


CALEDONIA WORKS, HALIFAX. 
Contractors to Der Majesty’ s Government & Railway Companies 


BEST REFINED THLHPHONE WIRE. 
PATENT GALVANISED TELEGRAPH WIRE. 


100 Ib. COILS, HIGH CONDUCTIVITY. 


SPECIALITY :—-TELEGRAPH WIRE, TO ALL SPECIFICATIONS. 


COPPER WIRE, hard drawn, high conductivity—long lengths. COPPER WIRE and TAPE for 
Lightning Conductors, &c. COPPER WIRE, all sizes for covering. STRAND WIRE all — 
GALVANISED HARD STEEL STRAND for Mechanical Telephones. 


F. WIGGINS & SONS, LONDON, 

ee NEW AND CHEAP PATENT LAW. 

A PATENT OFFICE. | Wm. M. FOXCROFT 

| (Successor to the late W. Foscroft, also F. Lucas), 

_| Æ. À GARDNER, Telegraph and Telephone Case Manufacturer, 


GET OW DO MW. 36, PEROIVAL STREET AND 9, SMITH STREET, 
| . BUCCESEOR ro CLERKENWELL, LONDON, E.C. 


(Offices-PEROIVAL STREET). 


Pamphlet of Costs Gratis. 


Z| | lhirty-five Years’ special practice with | Lock and Block, Single Needle, Bell, Sounder, Perforator, 


Inventions. Photometer, Telephone Cases, Battery Boxes, &c., &c. 


Provisional Protection (9 months 
ill a 43. Fall otection (9 years PRIZB MEDALS, LONDON, 181; PARIS, 1861. 201 
3184 


IWORY | LETTERING BY PATENTED PROCESS. 


mares toi. | PERMANENT PERFECT LETTERING ON IVORY 


IVORY FOR ALL SCIENTIFIC AND MERCANTILE PURPOSES. 
Swltch-Board | supplied to H.M. Government Offices, and the Principal Electric, Telegraph, X 
Labels. Telephone, and Gas Engineers and Railway Companies in the Kingdom. 
THE 


IWORY | ENDOLITHIC IVORY Co., Ltd., Pomoaa Bldgs. Fore St, B.C. 


(Adjoining Moorgate Street Station). 2629 


for all purposes. Telephone No. 21. 
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RUSTON, PROCTOR 


noe LINCOLN & LONDON 


| 


th 
| 
\ 


WITH THE_UTMOST 
PECONOMY IN FUEL 


i 


ij 
| 


4 


~ "COMPOUND ENGINE, BOILER ABOVE, OR SIDE BY SIDE. 


L 
i 
IL 
(Il 


MANUFACTURERS OF 


CORNISH & LANCASHIRE BOILERS, WITH WELDED AND FLANGED FLUES 


LOCOMOTIVE, CYLINDRICAL & VERTICAL TUBULAR BOILERS 


FOR HIGH WORKING PRESSURES. 
SPECIAL DESIGNS FOR RESTRICTED GROUND SPACE. 
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GOLD-MEDALS 


_ EDINBURGH, 1886; LIVERPOOL, > 


“Tow 10,180.) THE TELEGRAPHIC JOURNAL AND ELECTRICAL REVIEW. 


sent. THE FOREIGN & COLONIAL. 


Supplied Direct in ITALY, PORTUGAL, HOLLAND, SWITZERLAND, CAPE OF GOOD HOPE, 
ù INDIA, CEYLON, &c., and through Licensees in RUSSIA, SWEDEN, NORWAY, DENMARK, 
AUSTRIA, HUNGARY, GERMANY, and the AUSTRALASIAN COLONIES. 


This Company owns the Letters Patent, granted | 
in the above Countries to Faure, Sellon, Volckmar ff 
and others for the construction of SECONDARY 
BATTERIES or ELECTRICAL ACCUMU- ¥ 
LATORS. 

| 


Under these patents (amongst other points) is! 
covered the employment of spongy metallic lead, or 
of salts or oxides of lead in any way applied to or! | 
packed in interstices of or between lead plates, and | | k 
the use of perforated, interstical, corrugated, | 
roughened and indented plates of whatever shape. 


TRACTION CELL. 
LIGHTING CELL. 


ELECTRIC LIGHTING OF TOWNS AND ELECTRIC TRACTION ON TRAMWAYS 


OUTSIDE THE UNITED KINGDOM. 


Write for Price Lists of Storage Batteries, Dynamo-Electric Machinery and Accessories. — 


ARMINCTON-SIMS PATENT ENGINE, 


SPECIALLY ADAPTED FOR 


ELECTRIC LIGHT INSTALLATIONS 


~ “AND FOR ANY WORK WHERE UNIFORMITY OF SPEED IS DESIRABLE. 


‘ 
4 

* 


SOLE MAKERS: 


PRICES ON APPLICATION. 1706 
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BLAKEY, 


CO. 


NORTHERN TELEGRAPH 


CONTRACTORS TO THE BRITISH, ass & COLONIAL GOVERNMENTS, 


LIMITED, 


WORKS, HALIFAX, ENGLAND, 


and the first cost is low. 


RESISTANCE COILS, | GALVANOMET ERS, SINGLE NEEDLE INSTRUMENTS, REPEATERS, 
LECLANCHE BATTERIES, 


FLETCHER’S PATENT WATCHMAN’S TELL-TALE—Largely used 
by the L. & N. W. Railway Company, the Government of Victoria, &, 
Cannot be tampered with, not likely to get out of order, only one wire 
required for the whole circuit, the current only used once during the round, 
Prices and estimates on application. 


ILLUSTRATED LIST, FOUR STAMPS. 


MOSELEY’S 
| PATENT 


POCKET ELECTROMETER. 


A Perfect Ammeter (from 
1-10th to 1,000 amperes), 
: Wireman’s Detector and 
Pole Indicator, as well 
as a thoroughly practical 
Volt and Ohmmeter, &c.- 
See “Electrician,” March 
14th, 1890. 


| PRICE, Post Free, 2s. Od 


' érided to 5 amps., 5 sie, and 5 ohms, 
A a 5-standard ohm resistance cowl ) 


3706 _ DIRECT FROM THE MAKER, 


WW. MOSELEY, 82, Montpelier Rd., Peckbam, London 


ARTHUR B. GILL & Co., 
Glectric Zight and General Guyineers, 
4, BOMBAY STREET, BERMONDSEY, LONDON, S.E. 


Sole Makers of GILL’S PATENT MAIN SWITCHES, which are y 
everlasting. No sparking on the actual contact pieces. These switches improve 
with using. Makers of the “GILL” DYNAMO AND MOTOR, which are un- 
equalled for cheapness and efficiency. SUPPLIERS OF ALL ELECTRICAL 
REQUISITES. LIBERAL TRADE TERMS. 

Telegraphic Address: 


“ TORQUE.” 2949 


© A BONS. 


H. & F. CHAMBERLAIN, 


Manufacturers of Pure Carbon Points, Tubes, Filters, 
Cells and Battery Plates of every description. 


BARNSLEY. 


Telegraphic Address:—“CARBON BARNSLEY.” 3598 


ELECTRIC 


Insulated Wire and Cables 
of every description for de 
Electrical Instruments, 2% 
Dynamo Machines, Electric € = 
Bells, Telephones, Electric 
Lighting, &c., &. 


UNITED ELECTRIC WIRE 


14a, Clerkenwell Green. London, E.C. 


1730 


GUARANTEED. 


£1 10s. t0 £6 


PER INSTRUMENT. 
3269 


THOMAS BARRACLOUGH & CO. Ltd, 


Makers of all the most Improved Machinery for Electric Wire ana 
Strand Covering, Lapping, Taping, Braiding, &e., 

ALSO FOR 
STRANDING AND MAKING CA BILIESS OF EVERY SIZE AND DESCRIPTION. 


Globe Works, Rochdale Road, Manchester. 


H. THORPE, 


ES D 


ELECTRICAL DEI DEPARTMENT, 
Telephone Annunciators, Switches, Jacks, 
Galvanometers, Indicators, Bells, Relays, 
Magneto Generators, &c. ” 


DEPARTMENT. 
fine accurate 


1 


| O. 


CRE 
+ 


“ECLIPSE ” ELECTRICAL 


1C ASE WORKS, 
5, PHŒNIX PLACE, 
COLDBATH FIELDS, LONDON, W.0, 


MANUFACTURERS OF 


Every description of Cases 
BY MACHINERY 
at LL | FOR 
TELEGRAPH, TELEPHONE, AUTOMATIC 
And Blestrical Instrument Mabers. 
‘MAKERS OF 2968 
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WIRES. | 
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| ae THE SCHANSCHIEFF PORTABLE BATTERY CASES. | 
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APP ELECTRICAL INSTRUMENT MAKER, 


INDUCTION: CTION: COILS RESISTANCE COILS. 
TRANSFORMERS. IRON RESISTANCES, SPECIAL 
GALYANOMETERS. PA 


EXPERIMENTAL APPARATUS. 
MODELS FOR PATENTS. 


TEST INSTRUMENTS OF 
EVERY DESCRIPTION. 


DYNAMOS. ELECTRIC LAMPS. 
MOTORS. LABORATORIES FITTED. 
STORAGE CELLS. . SURVEYING & ASTRONOMICAL 

SWITCHBOARDS. INSTRUMENTS. 
ELECTRIC LIGHT NAUTICAL INSTRUMENTS. 
INSTALLATIONS, MATHEMATICAL INSTRUMENTS. 


3762 


ELE 


SPEED INDICATOR 


FOR USE WITH © 


Electrical Installations and with General Machinery. 


AS MANUFACTURED AND 
BY US FOR ALSO FOR MOST | 
THE = OF THE 
BRITISH ADMIRALTY CHIEF ELECTRICAL 
FOR ù ENGINEERS 
WAR VESSELS. — HERE AND ABROAD. 


SOLE MAKERS, 


W. H. BAILEY & CO. LTD. "on MANCHESTER. 


Price £8. 


Diameter of Dial, 8 in.; Diameter of Pulley, 4 in. 


LAURENCE, PARIS LIMITED, 


Glectrical Gngineers & Contractors. 
GOTHIC WORKS, NORWICH. 


“D” TYPE DYNAMO. 


xc DYNAMOS AND MOTORS, 


Noted for their Reliability, High Efficiency, Excellence of Workmanship, 
and Perfect Mechanical Construction. 


PATENT AUTOMATIC SAFETY CUT-OUTS. 


Are also used as Main Switches, and take the place of Fuses. 


Have been thoroughly tested by over two years’ practical use. Are perfectly 
reliable, and can be replaced in a moment. | 


USE WITH ACCUMULATORS. 


PRICE LISTS AND ESTIMATES ON APPLICATION. 


MULTIPLE SWITCHES, BACK CURRENT CUT-OUTS, AND EXCESS ALARMS FOR ie 


AUTOMATIC MAGNETIC 
CUT-OUT. 2971 
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WIRE 


And all Electrical Purposes. 


PHOSPHOR BRONZE 
CASTINGS, 
Phosphor Bronze 

for Springs, Ropes, Screws, 
Rods, Sheets, &c., Bearings, Bushes, 
and other wearing ‘parts 
of Machinery 


87, Sumner Street, Southwark, London, S.E. : + 


BEWARE OF SPURIOUS IMITATIONS, FALSE REPRESENTATIONS. AND INFRINGEMENTS OF eur PATENT RIGHTS, 


ECONOMISER 
APPLIED STEAM 


E. GREEN & SON, Ltd., 


14, ST. ANN’S SQUARE, 
MANCHESTER. 


Patent Silicium 

Bronze and Silicium Copper 
ire of Great Tensile Strength A 
digh Conductivity for Telephone i 
| and Telegraph Lines & other , 
Of the British and Colonial Patents, 
PHOSPHOR BRONZE C0, 
$116 | ( 
( 

| 
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Liectric 


DORMAN_4xD_SMITH, 
Light 


ENGINEER 


To all the Principal Contrecters. 


staccr, MANCHESTER. 


INDEX Te ADVERTISEMENTS. 


ENGLAND 


The names of Advertisers, whose announcements are ordered for a series, are entered under any one Heading in this Index free of charge 
but if repeated under other headings, Gal. per week is charged for each additional entry. 


Accamalators. PAGE 
Drake & Gorham ... eve 
Foreign & Colonial E.P. S. D 
J. Stitf & Sons (Boxes only) see 

Are Lamps. 

J.H. Holmes & Co. … Al 
Johnson & Phillips ove oe «= 
J. & W. Roper 
Simplex . 8 
Statter & Co. cee ae 15 
Asbestos.— Bell’s Asbestos Co. 16, 17 


United Asbestos Co. és 
Auctioneers and Valuers (Mechanical). 
Wheatley Kirk, Price & Goulty Sup. 11 
Batteries. 
India-rubber, G.P. & Tel. Wks.Co. 20 


Johnson & Philli ao à 

Telegraph Mfg. Co. coe Sup. 2 
Battery Jars.—J. Bourne & Son... 13 

Price, Sons & eee eee 


J. Stiff & Sons eee eee 


8. 
Genl. Elec. Co., Ld. G. Binswanger.) Sup. 10 
Sheppard, Allarton & Madeley ... 12 


Belting.— Webb & Son sé 12 
Boilers.— & Co. Sup. 16 

Ewen & Co. . 
Books. 


Berly’s Electrical Directory Sup. 14 
Electrical Pocket Book Sup. 14 
Gas and Petroleum Engines’ Sup. 14 
Journal Inst. Elec. Engineers Sup. 14 
Cabinet Work.—Eclipse Works ... 6 


. Foxcroft... oe 8 
Castings.— Phosphor Bronze Co. ... 8 
Chemicals. | 
Boor & Co. ... - ak’ 
Dynamos.— Andrews & Roots Sup. 7 
Bolling & Lowe ... Sup. 9 
Gilcher Electric Light & P. Co. 12 
J. H. Holmes & Co. ooo 11 
M. lmmisch... sé 
Johnson & Phillips … a | 
Laurence, Paris « Scott . ait 
C. Oppermann é0e Sup. 12 
C. Parsons & Co. ile 
J. & W. Roper we 
Stanley & Vavies ... 
J. G. Statter & Co. eee oe 15 
Ebonite. 


Harburg India Rubber Comb C> dés 11 
D. Moseley & Sons... ove 
North British Rubber Co. ec. ae 


Electrical Engineers and Coutractors. 
Acme Electric Works 
J.D. F. Andrews & Co. 

Andrews & Preece . Sid Sup. 7 
Appleton, Burbey & Williamson Sup. 18 
Blakey, Emmott & Co., Ltd. ... 6 
R. Bolton & Co. 12 
Callender’s Bitumen Tel. ke. Co. . 11 
Charlesworth, Hall & Co. . 
Crompton & Co. 
Drake & Gorham ... 
Electrical Eng. Corporation see 
Elliott Bros. ees 
W. T. Goolden & Co. ooo Up. 
India-rubber & Telegraph Works Co. 
Johnson & Phillips ose 


Laing, Wharton & Down... Sup. 4 
Laurence, Paris & Scott ... waa 
Paterson & Cooper see eo 19 
Rashleigh Phipps & Dawson  .… 10 
C. A. Parsons & Co. ove wai 
Poole & White oes 
Reid Bros. ... eee ose co Al 
Ernest Scott & Co. ... ... 
Ronald A. Scott Sup. 5 | 


BOOK ADWERTISEMENTS APPEAR ON 


Electrical 


PaGe 
Sharp & Kent «+ Sup. 13 
Swinburne & Co. ... ove ee 

Telegraph Mfg. Co. ove Sup. 2 
Western Electric Company Sup. 20 
Westinghouse Electric Co. Sup. 20 


Woodhouse & Rawson United ... 11 
Electric Licht. 


Brush Electrical Engineering Co. 10 


Bernstein Electric Lamp Co. 12 
India-Rubber,G. P.&Tel. Wks.Co. Sup. l 
Johnson & Phillips .. ove 1 


Laurence, Paris & Seott . 
Thomson-Houston ... 

Electric Light Carbons, 
Brush Electrical Engineering Co. 10 
H. & F. Chamberlain was 6 
Genl. Elec. Co., Ld. (@. Binswanger.) Sup. 10 
Johnson & Phillips ove wo 2 
Lacombe & Co. ses 


ove Sup. 4 


Woodhouse & Rawson United 


Electric Light Fittings. 


rman & Smith ... eee oo 9 


Electrical Accessories Co... we 

Farada 10 
Genl. Elec.Co., Ld. (G. Binswanger.) Sup. 10 
Rashleigh Phipps & Dawson... 19 


B. Verity & Sons eee eee dis: ee 
Walsall eee eee 
Endotithie very. 


Endolithic Ivory Co. 3 
Engines for Electric Light. 
W. H. Bailey & Co. 
Browett, Lindley & Co. Sup. 7 
Davey, Paxman & Co. … 10 
Greenwood and Batley ... ine 
Marshall, Sons & Co. ove —— 
John Musgrave & Sons . Sup. 2 
Priestman’s Oil Engine ... Sup. 3 
Ransomes, Sims & Jefferies sie 
Robey & Co. as 
Stockport Gas Engine... Sup. 8 
Willans & Robinson 
Fibre.—David Moseley & Sons ne 
Fire Insurance. 

Phoenix Fire Office ove 12 
Fuel Economisers. 

E. Green & Son .... 


Glass Manufacturers. 
Genl. Elec. Co., Ld. (@. Biuswanger.) Sup. 10 


Incandescence Lamps. 


Sunbeam Lamp Co. oo Sup. 3 

Woodhouse & Rawson United oe 2 
india-Rubber. 

India Rubber, G.P.& Tel. Wks. 20 

D. Moseley & Sons cee 


Insulators, &c.—Bourne & Son a 13 
Price, Sons & Co. ... ose sé 
Stiff & Sons... eee eee 


Telegraph Mfg. Co. coe Sup. 2 
Lubricants. 
W. H. Willcox & Co. 


Manafacturing 
. Apps 
Dorman & Smith ... ee 


Elliott Bros. 

Fowler, Lancaster & Co. ‘Sup. 1 11 & 12 
J.T. Gent & Co. ... ove 13 
A. B. Gill & Co. ... ove 6 
Hartmann & Braun Sup. 16 


PAGE 
Manufacturing Electricians.—Cont. 
Price, Talbot & Co. Sup. 2 
Telegraph Mfg Co. … Sup. 2 
H. eer eee eee 6 
Walsall Electrical Company 
Woodhouse & Rawson United ... 11 
Zépke Sup. 16 


Mica.—F. Wiggins & Sens 


Motors.—Cuttriss & Co. se 
Gülcher Electric — & P. Co. 13 
M. Immisch 18 
Patent Agents. —H. Gardner 
Poler. 
Johnson & Phillipe (Wood and Iron). 1 
Joseph Aird (Wronght Iron and Steel), 2 


Dorman & Smith 9 
Genl. Elec. (a. Binawanger.) 10 
W. Wood & 


Porous Colle. ‘Stitt & 
Pulleys, Shafting, &c. 
He Limited, eee eee eee 13 


J. Jardine ... ese 
G. Richards & Co. . a eee 


Railway Signals. 
Saxby ove vee 10 


Scaffolding.—W. Ebeling Sup. 12 
Schools and Classes. 

School of Telegraphy ... 
Screws.— Davis & Timmins ... oe 15 
Switches. 

Appleton, Burbey & Williamson Sup. 18 

Faraday & Son ... 10 


Genl. Elec. Co., Ld.(G. Binswanger.) Sup. 10 
Walsall Electrical Co. 


Woodhouse & Rawson United ae 
Telegraph Engineers. 
& Philli see eee 1 
Telegraph Mfg. Co. oe Sup. 2 
Telephones.—Baughan & Co. és 
onsol. & M.Co. Sup. 8 
Stanhope see eee 6 
Co... van 
Tools.—Chas. Churchill & Co. Sup. 6 
Tubcs.—Joseph Aird ... 
Turbines.—F. Nell eee mes Eup. 16 
Vulcanite (see Ebonite). 
Sup. 6 
Fowler-Waring Cables’Co. 
W. T. Glover & Co. 2 


W.T. Henley’s Telg. Works Co Sup. 15 
London Electric Wire Co. Sup. 1 
Midland Electric Wire Co. ae 

Phillips Bros. 19 


W. Rickard .. ove 
Telegraph Mfg. Co. oe Sup. 2 
United Electric Wire Co.... … 6 


Woodhouse & Rawson United ... 11 
Wire 
Davis & Timmins eee eee eee 18 
Ramsden, Camm & Co. ... 
F. Smith & Co. eee eee eee 3 
Covering Machinery. 
T. Barraclough & Co. we 


King, Mendham & Co. … Sup. 3 | 
' Laurence, Paris & Scott ... He Wood Casings.—S. Elliott … Sup. 3 
Mix & Genest Genl. Elec. Co., Ld.(G. Binswanger.) Sup. 
W. Moseley ... J. F. & G. Harris ove os Sup. 
Nalder Bros. io … Sup. 9 | Vigers Bros. Sup. 13 
J. Orme & Co. Woodhouse & Rawson United 
Page 14 OF SUPPLEMENT. 
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FARADAY 


ELECTRIC LIGHT FITTINGS. 


Edinburgh Exhibition—stall No. 87. Works: 10, MEWS, 


INTERLOCKING | THE LOCK AND BLOCK. 


e Board of Trade have again one pe urged the necessity of — i the “Lock” and “ Block” systems by actual connection between the Tele 
ments Locking Levers, to effect “ ependent - with Automatic Train Action, has been relent, 
accomplished and y — into practical En on -y—-— Messrs BAXBY protection of various Patents granted or rues to them, For 
Particulars, Plans, and Estimates, apply to 


SAXBY & FARMER, Railway Signal Contractors Canterbury Road, KILBURN, LONDON, N. W. | 


Manufacturers of Railway Signals, Cabins, Interlocking Levers, Block Instruments, and Signal Work of every description, Electrical and Mechanical, 


DAVEY, PAXMAN & Co. Engineers, COLCHESTER, 


Devote special attention to 
ws ENGINES AND BOILERS REQUIRED FOR ELECTRIC LIGHT INSTALLATIONS. 


Address :— 
93,88 
mo r=] Rees 
> 
E 23 à 
= Horizontal High Pressure ‘Coupled ¢ Compound 
-P, nom. ax == 
Patent Semi-fixed Compound Engine PARIS EXHIBITION, 1889. 
cheapest, most durable and SuSE SS Catalogues, Price one se = wo.Go s and One Siver 
wost reliable in the market. LEE for their Steam Engines and Boilers. 


DAYEY, PAXMAN & CO. Engineers, COLCHESTER. 


Lonpon Orricz: 189, QUEEN VICTORIA STREET, E.C. 


# MORDEY=VICTORIA } 


ALTERNATE CURRENT SYSTEM. 
CENTRAL STATIONS. 


received 
TOTAL CAPACITY A M PS, 
MORE THAN L, 


for 


THE BRUSH ELECTRICAL ENGINEERING Co. as 112 BELVEDERE ROAD, LAMBETH, LONDON. SE. 


Telephone No. 3975. Telegrams: “DETECTOR, LONDON.” 


RASHLEIGH PHIPPS DAWSON, 


SHOW Rooms: 58, BERNERS STREET, LONDON, W. 


The Best and most Artistic Show of Fittings in London. | 


ELECTRIC LIGHT ENGINEERS AND CONTRACTORS 


COMPLETE INSTALLATIONS, OR WIRING ONLY, CARRIED OUT PROMPTLY. ALL WORK scmelal TRADE SUPPLIED. 


NEW PATENT CEILING ROSE, 


Approved by all the Fire Offices and Supply Companies, 1s. 14. net. **The most Perfect Ceiling Rose in the market.” ÿ | 
WHLLS MEWS, w. | 


| 
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| | 
| e 
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| 
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ACME ELECTRIC WORKS, 


| 


(ARTHUR C. COCKBURN, M.L.E.E., Manager.). 
Supply Department and Head Office: PRINCES ST., HANOVER SQUARE, W. 
Factory: FERDINAND STREET, CHALK FARM ROAD, N.W. 


SOLE AGENTS FOR 


FOR LONDON AND 54 MILES ROUND. 
| MAKERS OF MAIN SWITCHBOARDS. 
Sole Manufacturers of Rooper’s Patent Lampholder for High 
Candle-Power Lamps. 
MAKERS OF AYRTON & PERRY’S SPRING AMMETERS AND ERS) 


Cockburn’s Patent Switches and Cut-Outs and Electric ina" and Pelogroph 
Apparatus of all kinds. de coer 


PRICE LSTS ON APPLICATION. 


GUTTA PERCHA, TELEGRAPH WORKS 


COMPANY, LIMITED. 


Offices: 106, CANNON STREET, LONDON, E.C. 


MANUFACTURERS OF 


DYNAMO MACHINE Ss, 
INSULATED ELECTRIC LIGHT WIRES AND CABLES, 


Lamp Fittings, Switches and Testing Apparatus, Volt and Ampere Meters. 


CONTRACTORS FOR THE SUPPLY AND FITTING UP OF 


ELECTRIC LIGHT APPARATUS 


OF EVERY DESCRIPTION. 


INSTALLATIONS FOR CENTRAL STATIONS, SHIPS, HOUSES, OR FACTORIES. 


ESTIMATES ON APPLICATION. 


Works: SILVERTOWN, LONDON, E. - 


LE 


LONDON WIRE 


ANCHOR WORKS, PLAYHOUSE YARD, GOLDEN LANE, LONDON E.C. 


Manufacturers of 


OF ALL DESCRIPTIONS 


FOR ELECTRICAL INSTRUMENTS, ELECTRIC LIGHTING, 


COVERED WIRES CABLES 


ROYCE’S DYNAMO 


*, 
vi 


| AND TELEPHONE WORK, &o.» | 
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PRICE, TALBOT & CO. Ltd., 


26, LUDGATE HILL, LONDON, E.C., 


- ELECTRICAL ENGINEERS, PNEUMATIC AND ELECTRIC BELL FITTERS AND MAKERS 
TO HER MAJESTY'S OFFICE OF WORKS. 
Sole Agents and Manufacturers of McClellan’s Patent Continuous Action Bells and Relays. 


CATALOGUES AND ESTIMATES FREE. 3681 
MOTORS, DYNAMOS, AMPEREMETERS, YOLTMETERS, and all APPARATUS connected with ELECTRIC LIGHTING SUPPLIED ON SHORTEST NOTICE, | 


\ 


TERMINAL 
SCREW BOLT 
CEMENTED 
SHACKLES. 


TELEGRAPH, 


STAY RODS, | 
SAODLES, | 
BRACKETS, 

BOLTS. 


TELEPHONE, BAT TERI ES 


Lapped, 


DYNAM O Wi R ES Braided. 


Te TELEGRAPH MFG. CO., Lo. 


HELSBY, NEAR WARRINGTON; AND 11, QUEEN VICTORIA ST., LONDON, E.C. 


Round, Flat, 
Laminated, 


THE GLOBE 


COMPOUND ENCINE. 


Simple, Economical, Durable. 


STANDARD ENGINE. | | STANDARD ENGINE. 
2 

< 

n = = a 


DIRECT CONNECTED ENGINE AND DYNAMO. 


JOHN MUSGRAVE & SONS, 


LIMITED, 


taste 


S. & E. RANSOME & CO., 10, Essex St., Strand, W.C. STANDARD ENGINE. 


STANDARD ENGINE. 


a 
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PRICES AND PARTICULARS 
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 EING, «at co., 


WESTERN HLECTRICAL WORES, BRISTOL, 
Manufacturers of 


WIMSHURST INFLUENCE ELECTRICAL: MACHINES 


| ut New and Improved Pattern, with and Case, double ore À Acknowledged to be the best finished 
t efficient machines 


Electric Bells and Indicators, Pm canal Gas Lighting dy K. cM. B. Patent Pocket Galvanometers 


| 


ape . Sounders of special pattern, Lightning Conductors supplied and erected, and thorough efficiency guaranteed. 
= NEW PRICE LIST, POST FREE, 44. Telegraphic Address: “EKINGHAM BRISTUL.” :06 
Specially Compiled List of Electrical Publications, Post Free 94, Be 


‘SAMUEL ELLIOTT, Albert Mills, Newbury 


London Offices and Show Rooms: 
$3, FINSBURY PAVEMENT, E.C., 
e Moorgaté@Mation) 


(Opposit \ 
ONE OF THE LARGEST MANUFACTURERS. 
All Correspondence addressed to Head OMoes, Newbury. 


GOLD MEDAL, LONDON, 1886. STAR DIPLOMA, LONDON, 1887 
FIRST MEDAL OF MERIT, BRUSSELS, 1888. 
SILVER MEDAL, PARIS, 1889, GOLD MEDAL, YORK, 1889. 
FIRST MEDAL OF MERIT, COLOGNE, 1889. 
GOLD MEDAL, BRIGHTON, 1890. 


Manufacturer of all kinds of Wood Casings for Electric Wires yt Cables in Yellow Deal, Pitch Pine, Oak, 


Walnut, &c., in the best manner, struck clean and s New Catalogue (No. 6) registered designs, containing numerous "illustrations 
_ of Casings and Ornamental Covers. Every length o Cover stam with Trade Mark. SPRCIALITE :— DESIGN AND QUALITY. j¢37 
THE 


LIMITED, 
GATESHEAD-ON-TY 


THE WHOLE OF THE 
FIVE COURTS 
OF THE. RECENT 


NEWCASTLE 
EXHIBITION 


SOLE MAKERS 


di 
= 
| 
3 4 =. 


Were Lighted with 


SUNBEAM 
LAMPS, 


BECEIVING 


SILVER MEDAL 


P, HIGHEST AWARD. 


ON APPLICATION. 


Telegraphic Address : 
“SUNBEAM, GATESHEAD.” 200 CP. 


Deprez-D’Arsonval and other Galvanometers, Resistance Coils, Metre and Wheatstone, Bridges, Morse 


PRIESTMAN S OIL ENGINE 


(Priestman’s and Humes’ Patents), 
USING COMMON MINERAL OILS ONLY. 


~ # | SPECIALLY SUITABLE FOR ELECTRIC LIGHTING. 
| 


a Printing, ‘Pumping, Sawing, Threshing. Chaff Cutting, Corn Crushing, Driving Lathes, 


and Paint and other M 
NO COAL. NO GAS. NO STEAM. NO BOILER. 
NO SPARKS. NO SMOKE. NO NOISE. NO DANGER. 
No extra charge made for insurance. 
mm EDINBURGH EXHIBITION, STAND No. 59a. | 


+: 
Ys 
% tf 
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Ro 
Windsor. - Notting- Fullest Particulars on application to— 3358 


Works :—HULL. PRIESTMAN Bros., 
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THOMSON-HOUSTON SYSTEM. 
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ALTERNATING CURRENT ELECTRIC LIGHTING APPARATUS. 


The Instalment of over 150 Central Station Plants has demonstrated the Alternating Transformer System to be Superior to all 
others for distributing current from a Central Station over small or large areas for lighting and power purposes. 


A 


ODEL GENTRAL STATION. 


ELECTRICAL STORES 


OF EVERY DESCRIPTION. OYAL *# MILITARY 


“Okonite” Wire EXHIBITION 


wis :— 


1,000 MEGOHMS PER MILE. LIGHTED THROUGHOUT 


HOMSON-HOUSTON SYSTEM 


ON THE 
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LAING, WHARTON DOWN, 


82a, NEW BOND STREET, LONDON, W. 


3275 
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RONALD 


DYNAMOS. 
MOTORS. | 
MIRRORS FOR PROJECTORS 
MAIN SWITCHBOARDS 


Fittings of every dsavtaiion. either for Ship or House 
Lighting. 


ACTON HILL ELECTRICAL WORKS, 


LONDOIN, 7. 
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NON-MAGNETIC 


WATCHES 


A full assortment in Key-winding and Keyless Open Face and Hunting ; 
also sth second Chronographs. 


THE HIGHEST TESTIMONIALS FROM ELECTRICIANS, 


Price Lists and Pavilion. on Application to 


H. W. BEDFORD, 
69, REGENT STREET, LONDON, W. 


THE RICHARDS PULLEY. 


INTERESTING “FACTS: 


Our Pulley Plant is the 
largest in Europe, and only 
exceeded by one works in 
America. 


| It occupies a building 200 
| feet by 125 feet. 


Capacity at present 50 [i 
per day, being now increased —am 
to 100 Pulleys per duy. : 


SEND FOR CATALOGUE. 


3 
« 
— 
74 
( 
8) 
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= 


M 


LIMITED, 


— 
— 


BROADHEATH, 
Nr. MANCHESTER. 


250,000 IN USE. 4 
LONDON OFFICE & SHOWROOMS:—23 & 24, Whitecross Street, Cripplegate. 
PARIS :—Société Continentale Richards, 12, Rue de L'Hôpital, St. Louis, 


Chas. CHURCHILL & CO., Ltd., 


21, CROSS STREET, FINSBURY, LONDON, E.C. 
Engineers and Importers of 


AMERICAN TOOLS AND MACHINERY. 


| LARGE ROOMS. 


The Largest Stock of 
AMERICAN MACHINERY AND TOOLS 
in Great Britain. 


L.S.STARRETT,, 
ATHOL, MASS. 


SCREW PITCH GAUGE, 
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Sent for ls. 3640 SPEED INDICATORS. 
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LIMITED, 


Glectrical Engineers and 


MANUFACTURERS OF THE 


“PREECE” DYNAMO, 


ARC LAMPS, SWITCHES, &c. 
ESTIMATES AND SPECIFICATIONS PREPARED FREE OF CHARGE ON APPLICATION. 


BOROUGH MILLS, MANCHESTER ROAD, BRADFORD. 
* ELECTRIC LIGHT ENGINES. 


Over Installations, 


INCLUDING 


STEAM SHIPS, WAR VESSELS, FACTORIES, MANSIONS, 
AND CENTRAL STATIONS, 
HAVE BEEN ENGINED BY 


_ BROWETT, LINDLEY & 
SANDON ENG'NE WORKS, M ANGH ESTER. 


SALEORD, 


1 Patentees and Sole Makers of the ACME GOVERNOR. Hundreds are in 
use for Electric Light Engines. - Send for Lists. 3785 


VERTICAL COMPOUND HIGH-SPEED ENGINE, C. S. TYPE. 


= 1.H.P. oa 


J. CO. 


MANUFACTURERS OF EVERY DESCRIPTION OF 


APPARATUS FOR USE IN TEACHING OR EXPERIMENTING IN THE SCIENCES OF CHEMISTRY, ELECTRICITY, MAGNETISM 
ACOUSTICS, LIGHT, HEAT, HYDROSTATICS, MECHANICS, &c. | 
IMPORTERS OF FINEST BOHEMIAN GLASS, BERLIN PORCELAIN, PURE CHEMICALS FOR ANALYSIS &o. 
ELECTRIC BELLS AN D A. 


1 


wee 


Apparatus for Science Classes supplied through the Science and Art Department at 50 per cent. reduction of prices. 
ILLUSTRATED PRICE LIST OF ELECTRICAL APPARATUS, POST FREE, THREE STAMPS. 
Price List of Chemical Apparatus with 650 Illustrations, post free eight stamps. 

TRADE TERM!} AND SPECIAL QUOTATIONS FOR EXPORT SENT ON APPLICATION. oan: 


I. ORME & Co. Jackson & Co. ),6 65, Barbican, London, E.C. 
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TELEPHONES 


For Export to all ante of the World. 


THE CONSOLIDATED TELEPHONE CONSTRUCTION 
AND MAINTENANCE CO. Ltd., 


Of No. 109, FARRINGDON ROAD, 
LONDON, E.C., arethe SOLE LICENSED 
MANUFACTURERS OF TELEPHONES 
for Export and for use in the United King- 
dom, under LICENSE granted to the Com- 
pany by the UNITED TELEPHONE Co. 
of London (now the NATIONAL TELE- 
PHONE CO.) | 

NO TELEPHONES can be manufactured 
| by any person or Company (other than 

HW — a - in the United Kingdom, and the said Com- 

— pany offer a substantial reward for suffi- 
ae à : cient evidence as will enable proceedings to 
be LUE Di 7 be taken against infringers of these rights 
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Il 


CATALOGUES AND PRICE LISTS ARE TO BE 
HAD FREE On APFSIOR THOM. 


THE COoNSOLIDATED TELEPHONE Co. 
is prepared to supply the celebrated 
SimpLEx Arc Lamp, which burns with 
great brilliancy and steadiness in parallel — 
circuits. 
J 

= SINGLE LAMP COMPLETE, WITH 


if . 


i Sp | GLOBE (large and small size) from 908. 


GAS ENGINE. 


of 24 H.P. Nominal 


SIZES :—20 H.P. to 100 H.P. TUBE FIRING. 


| 

| | 
— 


Ny 


Manchester. -5, Todd Street. : DEPOTS. 
Glasgow.—134, Buchanan Street. Newcastle-on-Tyne- 4, Cloth Market. 


= 
Dublin.—62, Middle Abbey Street. ee a: Belfast.—13, Queen’s Square. 


Liverpool.—28, North John Street. 
THE SIMPLEST GAS ENGINE MADE. 


SPECIALLY ADAPTED FOR ELECTRIC LIGHTING. 


London Office.—_80, QUEEN YWICTORIA ST. E.C. 


ANDREW & Coy., Ltd., REDDISH, STOCKPORT. 
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TELEPHONE, No. 3120. Telegraph Address: “SECOHM,” LONDON. 


NALDER BROS, 


TESTING INSTRUMENTS 


FOR ALL PURPOSES. 


Thomson and other Galvanometers, Wheatstone Bridges in Platinum Silver orf | 
German Silver, Legal Units with Cambridge Certificates, Dr. Muir- & 
| head’s Patent Standard Cell, Ammeters and Voltmeters for Direct 

| and Alternating Currents manufactured and kept in stock. 


§ = L 
ty 


| | | \ {ll 

quil | 

Il Hi} | | | 1} li) 


| 
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A 


Large Wheatstone Bridge. 


N. B. & Co.’s Pattern Square Case NEW ILLUSTRATED PRICE LIST 18 NOW READY. 


Thomson Galvanometer. 6 


NALDER BROS. & Ge. 
HORSEFERRY ROAD, WESTMINSTER. wie 


“THE MOST EFFICIENT” 


AND CHEAPEST | 


DY N A MO 


IN THE MARKET. 
Our Continuous ‘Current Patent ‘: Lahmeyer ” 
Dynamo cannot be excelled for perfect working and — | 
actual cost; should be seen to be appreciated. = | \E — 

We also manufacture a special machine for 

direct to motor. - 

“CATALOGUE FREE. 


BOLLING & LOWE, 2, Laurence <a Hill, LONDON. 


EF. & G. HARRIS, Manufacturers to the Trade. | SPARC. TES 
| 


ELECTRIC LIGHT CASINGS 


OVER 150,000 FEET, readv for immediate vr IN STOCK. 


COVERS ano CASINGS MADE ro ANY DESIGN. 


J.F. & G.HARRIS. 


MAHOGANY & GENERAL 


TIMBER MERCHANTS. 


‘MOULDING MANUFACTURERS. 


OFFICES | 58&60.WILSON STREET, FINSBURY,E.C. 7 
ORANGE STREET, GRAVEL LANE, SOUTHWARK,SE. 
AND MILLS ’ VICTORIA WHARF, TWIG FOLLY BRIOCE.BETHNAL G REEN.E. 


Special Quotations for Large Quantities. Sample Board, Catalogues and Price Lists forwarded on application. 2953 


ALL ENGINEERS and CONTRACTORS should have our SAMPLE BOARD. It is recognised as the most complete yet issued. 
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TELEPHON 
1887. 


“Moy AND M 


G. BINSWANGER, 


Managing Director. 


Works :— Head Office & Warehouses :— 
45, Chapel St, SALFORD, 71, QUEEN VICTORIA ST., 


MANCHESTER. LONDON, E.C. 
And at 7, Bothwell Street, GLASGOW. 


CEI LING * ROSES. 


in., 1/6 1/0 
3 in, 1/8 | 3 in, 1/3 


SUBJECT TO TRADE DISCOUNT 


ALL ELECTRICAL 
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THE RIVAL SYSTEMS. 


IN September of last year we had occasion to discuss in 
a leading article the efficiency of the transformer 
system, and from the figures then at our. disposal 
concluded that an amount of energy at the lamps 
greater than 50 per cent. of that spent in the engine 
cylinders should not be reckoned upon in estimating 
cost of production. It was shown that the usual way 
of estimating the efficiency of transformers was wrong, 
and that the ratio of the work received to the 
work expended when the apparatus was half, three- 
quarters, or fully loaded, as the case might be, was 
not the true commercial efficiency. The latter, it was 
stated, was the ratio of the watts received at the lamps 
to the watts expended in the primary circuits during 
the whole period of their connection to the mains. 
The figures, when we published our article, were 
admittedly incomplete, and we remember that a corre- 
spondent of considerable experience thought our 
estimate too favourable to the system. With his 
criticism, however, the matter dropped, and through 
these months we have been content to wait for more 


complete data. 
Recently we reprinted the paper, “Some Tests on 


the Efficiency of Alternating Current Apparatus,”* 
read before the American Institute of Electrical 
Engineers by Dr. Duncan and Mr. Hasson. In this 
paper a number of very carefully-made tests of the West- 
inghouse apparatus were recorded, resembling those 
given in the Report of the Electrical Testing Bureau of 
the Johns Hopkins University, of which the two authors 
are members. This report has just reached us in a 
pamphlet entitled “ The Commercial Efficiency of the 
Leading Systems of Electric Lighting,” which besides 
the tests referred to contains the report on the tests 
of the Edison dynamo, made at the Franklin Institute 
in 1884. In the brochure are compared the efficiencies 
of the alternating and the direct systems on the bases 
of these reports, and for the conclusions reached Mr. 


* ELEcTRICAL REVIEW, April 18th, 1890, page 429, 


Harold P. Brown, a gentleman of whom we have heard 
a good deal, is, we believe, responsible. 

Now we are not going to discuss motives here. 
Whether Mr. Brown is interested in showing the direct 
current system to be the better, as his enemies would 
have us believe, or whether his actions are inspired 
solely by that uncompromising regard for truth be- 
queathed to American experts by George Washington, 
we do not know, nor are motives relevant to the sub- 
ject. But we appreciate some of the figures given in 
his pamphlet, because results obtained from careful 
experiment are always of some value, and because 
every new truth demonstrated serves to diminish the 
liability to inaccuracy in our estimates. We demur 
to the conclusions, however, for we think the facts 
are open to an interpretation differing in some degree 
from that implied in the book. 

The alternating current apparatus tested consisted of 
a Westinghouse 750-light machine with its exciter, and 
an outfit of transformers of capacity varying from 10 
to 40 lights. The machines were driven by a 75 H.P. 
Armington and Sims engine through a Tatham dyna- 
mometer, by which the power was very accurately 
measured. The primaries of the transformers were 
permanently attached to the dynamo circuit, as in 
practice. There being thirty-six transformers in all, 
it was necessary to make observations of thirty-six 


secondary circuits simultaneously, and though by such 


multiplicity of measurements liability to error is 
increased, we have every reason to believe that the 
greatest care was taken to ensure accurate results, 
The secondaries were loaded up with 16 C.P. lamps, 
but owing to some being faulty the maximum number 
that could be put on was but 600. The power trans- 
mitted through the dynamometer, and the power re- 
ceived at the secondaries, were measured fur various 
loads, a curve of results being plotted from which the 
efficiency for any load could be determined. Scaling 
this curve, we get for the full load of 750 lamps 78 per 
cent., for three-quarter load 71 per cent., for half load 


60:5 per cent., and for quarter load 45 per cent. The 
| B 


| 
| | 
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efficiency of the transformers was also determined, and 
as showing the difference between large and small 
ones, it may be mentioned that the 40-light gave 93°4 
per cent, at full, and 90-08 per cent. at half load, while 
the 20-light gave 89°6 per cent. and 83°6 per cent., the 
10-light size giving 85:9 per cent. and 76°9 per cent. 

So much for the report of the Electrical Testing 
Bureau; now for the conclusions of Mr. Harold P. 
Brown. It is certain that, from the figures of unim- 
peachable authorities, quite different conclusions may 
be drawn conformably to the idiosyncracies of the ex- 
ponent, and we have no hesitation in saying that 
scientific reports are responsible for many electrical 
misfortunes. The scientific authority makes a report, 
confines himself strictly to facts, and if he knows his 
business, commits himself as little as possible to an 
opinion. He receives his fee, and the company pro- 
moter, the prospectus framer or the worldly wise 
director formulates from the report the necessary con- 
clusions. If, in a moment of mental aberration, some 
enthusiastic physicist has spoken of a brilliant labora- 
tory discovery as an undoubted commercial success, it 
is the aim of these worthies to employ his language 
Over and 
over again we have had occasion to refer to this matter. 
Times out of number reports have been published 
which, although honest in themselves, have been em- 
ployed but to mislead. But is is difficult to frame 
a report so that it will not contain too much or too 
little for the men who are to use it. Now consider 
the results before us, and the conclusions Mr. Brown 
draws from them. In the paper already referred to, 
read before the American Institute of Electrical Engi- 
neers, the authors are very careful to point out that 
‘“when more than one dynamo is provided, the 
efficiency is increased by using only one of them 
during the times of minimum supply, and always 
working, as far as possible, only a little below the 
maximum capacity of the machines.” This condition 
is always complied with in a properly managed station, 
but Mr. Brown is careful not to refer to the point. 
Indeed, it is his intention that all who peruse the 
pamphlet shall believe the output of the dynamos 
to vary as the total output of the station, a repre- 
sentation which from our point of view is of a 
most unfair character. ‘“ It will be observed,” says Mr. 
Brown, referring to the tests, “that even under these 
favourable conditions it requires about 20 horse-power 
to charge the converters and light one iamp, but two 
pages farther on he shows that the percentage of full 
load is never less than 8°5 per cent. of the maximum, 
heedless, apparently, of the influence this fact has on 
his previous reasoning. In a station supplying 10,000 
lamps there would probably be five machines of 2,500- 
light capacity each, one of these being reserved as spare. 
The least number of lamps alight, with a maximum 
of 10,000, would be 850, which means one machine 
running with about one-third of its load. If the trans- 
formers were loaded in the same proportion, the energy 
received at the secondaries would be, as shown by the 
curve, 50 per cent. of that transmitted through the 
dynamometer ; but it must be remembered that though 


the dynamo is working at a third of its load, the trans- 
formers have only 8°5 per cent. of their load, and it is 
impossible to calculate from the data given the eff. 
ciency of the system under these, the conditions which 
obtain in practice. Probably the dynamo is working 
at an efficiency of ‘75 while the transformers are giving 
‘4, under which circumstances the efficiency of the 
whole would be 30 per cent. instead of the 20 per cent, 
Mr. Brown gives. This is only a guess, but the main 
thing to be pointed out is that the result, whatever it is, 
must be different from that given by Mr. Brown, and 
seeing that the. transformers are loaded to this extent 
for 94 hours each day, the efficiency for this period 
necessarily exercises an important influence on the 
efficiency for 24 hours. The other machines when 
running would be nearly at full load, and giving an 
efficiency not far short of their maximum. 

It is rarely that one machine only with a nich « of 
transformers is employed, and none but a madman 
would make arrangements which in a central station 
necessitated the whole of the machines running during 
the day for 8.5 per cent. of the lamps. Yet on such 
preposterous assumptions does Mr. Brown base his 
arguments against the alternating currént system. 
The Westinghouse guarantee of 50 per cent. more light 
per pound of fuel than could be obtained from any 
direct current system is of course nonsense, but so are 
Mr. Brown’s conclusions. It is not right that this sort 
of thing should continue, for though engineers of ox- 
perience are unlikely to fall into a trap, others, 
fascinated by specious arguments, may form erroneous 
conclusions. In every central station the arrange- 
ments must be such that they best suit the system 
employed ; and with this brochure before us we can 
only come to one of two conclusions, either that Mr. 
Brown is misleading the public regarding alternating 
currents, or that he is ignorant of the manner in 
which alternating current stations should be arranged. 
Taking Mr. Brown’s curve of supply, it is probable that 
the efficiency of the station for 24 hours should be over 
50 instead of 42 per cent., and that 40 per cent. of the 
energy given out in the engine cylinders is recovered 
at the secondary terminals. 


As already stated, we are not to discuss motives, and 


figures likely to help us in our estimating we shall 
always welcome, though these figures shall not be 
presented in fallacious shape, to the injury of parti- 
cular systems, without our protesting in the strongest 
manner. Unfortunately we cannot, from the figures 
given, calculate the efficiency under the conditions 
of practical working, and it is to be hoped that the 
Bureau will make further tests, keeping those of the 
dynamos quite separate from those of the trans- 
formers. Until this is done we can only guess at the 
results. We are not interested in any particular 
system, but we believe in the principles of truth and 
justice. That the figures Mr. Brown gives violate these 
must be obvious, and it is for this reason we have 
called attention to them. We think we cannot do 


better than recommend their author to keep to his self- 


imposed duty of advocating the electrical execution of 
criminals. 
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THE happy blending of the practical 
with the theoretical is coming to be a 
marked characteristic of the text-books which continue 
to be brought out by very numerous publishers ; the 
latter have perhaps as much as any trade benefitted by 
the advance of science, which isa marked feature of the 
present age, for it is seldom that a work, however in- 
differently written, as long as it deals with a current 
subject, does not command a ready sale, and the fact 
that unattractive theoretical matter is rarely dealt with 
alone has much to do with successful sales. In com- 
piling a book much difficulty arises from the enormous 
mass of matter which is at hand to select from, ani the 
best class of work is that in which the matter, when 
not original (and it. seldom is), is most judiciously 
chosen, which requires a master-hand ; and though the 
general public is not, as a rule, able to discriminate, 
the teachers of science, who are always on the look-out 
for information, soon learn if a work is of sterling 
value, and by recommending their pupils to read it 
materially add to its success. In many cases, we be- 
lieve, the popularity of a sterling work is much 
hampered by the unnecessarily heavy price set upon it 
by the publishers ; certainly there is a great inequality 
in the prices of books of equal size, and containing 
apparently similar amounts and descriptions of matter. 


Science Text-Books. 


THE first part of this work is said 
by the author, Mr. James Johnstone, 
of Edinburgh, to expose fundamental 
errors taught in Prof. Oliver Lodge’s “ Modern Views 
of Electricity,” and in Part II. it is claimed that there 
are facts which prove that Faraday’s two-force theory 
of electricity is false. It also contains, if the author's 
statement is correct, the only explanation absolutely in 
accordance with facts which has ever been given of the 
action of the Leyden jar; a knowledge of which 
action, says he, is necessary for the understanding of 
the action of all other electrical machines. On the 
strength of Mr. Johnstone’s reasoning, it naturally 
follows that as he only can give a true explanation of 
Leyden jar phenomena, there is no other man living 
who understands electrical machines. Messrs. Gray, 
Wimshurst, Varley, Lodge, and those who are generally 
accredited with a slight acquaintance with static elec- 
tricity, will now, doubtless, admit the error of their 
ways, and make reparation for their mistaken teachings. 


“ The Ether Theory 
of 1839.” 


RUMOUR says that another company, 
with a nominal capital of one million 
pounds, is being promoted for the 
purpose of developing electric tramways in the United 
Kingdom. Contracts to the extent of £300,000 are 
Supposed to have been entered into for the purpose of 
equipping tram-lines in various parts of the country. 
Much as we should like to see such an enterprise 
launched and carried through with commercial success, 
we still have some misgivings as to the probable im- 
mediate results. There is no doubt as to the technical 
possibilities ; we know that tramways can be, and are, 
worked successfully by electricity carried through 
overhead or underground conductors, but we have not 
the faintest intimation that overhead conductors will 
be allowed anywhere in this country where there is 
any demand for tramways, and such demand can only 
exist in towns of sufficient population to warrant their 
introduction. Underground conductors, on the other 


Another Electric 
Traction Boom, 


hand, have never yet proved a commercial success 
except in one solitary case—viz., that at Blackpool. 
The plan has been attempted in other parts of the 
world, but in most cases the underground systems have 
been abandoned, and we still consider this method 
of conveying electric energy to cars as experimental. 
Assuming, again, that contracts to the value of 
£300,000 have been secured, we are pretty certain 
that they are not what would be considered bond fide 
orders from tramway companies in this kingdom, for 
they have neither the means nor the enterprise to enter 
into such contracts. If we are not mistaken, therefore, 
the supposed “contracts” are nothing more nor less 
than an offer on the part of the traction company 
to equip at its own cost and risk a number of exist- 
ing tramways with electric apparatus, and charge 
the tramway companies a sum somewhat lower 
than that now entailed for horsing, provided that 
Parliament, Board of Trade, vestries, and tramway 
directors are all unanimous in supporting either over- 
head or underground conductors, to both of which | 


. any number of objections can, and certainly will, be 


raised... Unfortunately there are too many barriers to 
be broken through, and the possibilities are that the 
capital of the company will be expended by the time 
these obstacles are removed, and perhaps the. very 
“ systems ” advocated by the promoters will then be 
obsolete. But the future of the shareholders has 
nothing in common with the immediate gains of 
vendors and promoters, and sufficient money will 
probably be subscribed to satisfy the “parties of 
the one part who agree to sell,” &c. We have been 
accused of unfairness for persistently warning the © 
public against certain company schemes, but we shall | 
offer no apology at any time in the face of facts which 
cannot be altered by any plausible prospectuses. Within 
the last twelve months no less than five companies and 
corporations have been promoted, all of which made 
electric traction and its ‘“ enormous prospects ” the great 
bait. The aggregate nominal capital of these concerns 
exceeds two millions, yet not one of them has so far 
shown that a single penny can be honestly earned with 
traction schemes. Besides these corporations we have 
several powerful firms of electrical engineers quite 
capable of coping with any demand, should it arise, for 
equipping electric tramways. How, we ask, if the 
millions already subscribed have not earned a cent, 
and, so far as we can see, are not likely to earn any- 
thing with electric tramways for a few years to come, 
is there room for another million ? However, rumour 
is not always to be relied upon, so when we can pro- 
cure authentic information we shall probably return 
to this topic again. 


THE paper by Mr. Mansfield on 
Electrical Traction. “Single and Double Trolley Wire 
Systems for Electric Railways,” shows 
very forcibly the disadvantages of overhead con- 
ductors and should encourage the advocates of 
accumulator traction systems in this country. The | 
writer clearly points out the drawbacks of the double .~ 
wire method, which seems to be essential to American 
practice, if telephony is to be left free from interrup- 
tion. The probabilities are that we shall not have to 
contend with the difficulties which engineers in the 
States have to overcome, but if overhead wires are 
ultimately allowed by legislation it is just as well to be 
au fait with the results of American electrical tram- 
way enterprise. 
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SHIP PROJECTORS AND PLANT. 


THE engraving, fig. 1, shows one of a number of search 
light projectors specially constructed by Messrs. Charles- 
worth, Hall & Co., Oldham, for use on small vessels in 
the night navigation of rivers, canals and narrow 
channels. The projector barrel is 16 inches diameter, 
rolled out of steel sheet and tin-plated, making a very 
strong piece of work. The mirror is one of Chance 
Brothers’ best quality and is 16 inches diameter and 
8 inches focus, fitted in a strong brass frame with 
a bayonet socket attached to the barrel to facili- 
tate removal for cleaning, &c. A dispersing lens, 
also by Chance Bros., having an angle of disper- 
sion of 16°, is attached by means of a hinged frame 
to the forward end of the barrel in order to fan- 
tail the light so as to spread it on the banks. The 
arrangements for ventilation are very complete, both 
the mirror frame and projector barrel being so arrange: 
that a constant stream of cold air passes through, so 


| 


— 
| 


preventing overheating of the mirror and destruction 
of the silvering, An instrument similar to a camera 
is provided at one side of the projector for viewing the 
arc. The hand lamp is made detachable and quite in- 
dependent of the projector itself. The feed of the 
carbons is obtained by a right and left hand thread 
screw in the usual way. A screw is provided for 
raising and lowering the carbons, and adjustments are 
arranged for setting the points of the carbons from 
below, without having to put the hand in the barrel, as 
18 necessary with other projectors. With carbons 20 mm. 
diameter and a current of 45 ampéres these pro- 
Jectors will illuminate a distance of about 1,200 yards. 
Fig. 2 shows a very light and compact set of electric 
light machinery also made by Messrs. Charlesworth, 
Hall & Co., specially suitable for ship lighting (supplied 
with the above projectors). A set, comprises an engine 
with cylinders 4 inches and 5} inches x 4? inches 
stroke, driving a Hall dynamo direct at 500 revs. per 
minute, with an output of 65 volts 50 ampéres, the 
steam pressure being 60 lbs. per square inch. As will 


_ be seen, the engines are of the open frame type, the 


cylinders being supported on four steel columns, which 


also carry the cross-head slide. Both cylinders are fitted 
with piston valves, operated by one eccentric, the high 
pressure cylinder exhausting direct into the low pressure 
steam chest, thereby doing away with connecting pipe 
joints and stuffing boxes for the valve spindle, The 
pistons are steel castings fixed on one piston rod, of 
Whitworth steel, by means of cones and nuts. The piston 
rod glands are tightened by screwed caps, 80 as to prevent 
galling through one side being screwed more than the 
other, as sometimes happens with glands tightened 
with studs. A play of 3} inches is allowed in the © 
gland for any slight bend in the piston rod. The end | 
of the piston rod is passed through a cast steel slipper | 
slide block and there screwed by two nuts which are | 
pinned in position. This slide block has slips for 
taking up wear. The connecting rod is of cast alumi. | 
nium steel. Both the large and small ends are of the | 
usual marine type. The crank-shaft is of Whitworth | 
steel with circular crank webs and cast iron balancing 

discs shrunk on. In order to reduce wear, the crank- 

shaft and all other bearings are made of very large 
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surface, and all parts can be lubricated while running. 
The dynamo is one of Messrs. Charlesworth, Hall and 
Co.’s inverted type. The magnets are of best soft iron, 
tooled all over. The armature shaft is of Vickers’s 
steel. The resistances are as follows: armature ‘21 
ohms, shunt 20°65 ohms. series ‘0318 ohms, and giving 
an electrical efficiency of 79°6 per cent. 


THE BLATHY ALTERNATING CURRENT 
ELECTRIC METER. 


[FROM A CORRESPONDENT. | 


THE Blathy electric meter for alternating currents, 
which is being made by Ganz & Co. of Buda- 
Pest, for their alternating current electric works, 
and a diagrammatic representation of which is 
given in figs. 1 and 2, consists essentially of 4 
horizontal copper disc which turns very easily upon 
a perpendicular axle. This disc sets in motion by 
means of a spiral and several transfer wheels, a court- 
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ing arrangement similar to those employed in gas 
meters. 

The copper disc is exposed to the inductive action of 
two systems of electro-magnets. One of these systems 
is magnetically excited by the alternating current to 
be measured, and the magnetism developed in this 


Fia. 1. 


systein (main current magnet) is proportional to the 
current transmitted. The second magnetic system is 
wrapped with a very thin wire and connected to the 
two main leads conveying the current, whereby the 
magnetism of this second system becomes proportional 
to the tension of the main current. Both systems pro- 
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Fig. 2. 


duce in the copper disc induced currents and act upon 
it dynamically setting the copper disc in rotation. In 
consequence of the movement of the disc through the 
magnetic fields, currents are again induced in the same 
which act in opposition to the movement of the disc or 
counteract it. Ata certain velocity an equilibrium is 


established between the propelling and the arresting 
forces ; this velocity—under otherwise equal conditions 
is proportional to the intensity of the main current, 
whereby it must be remarked that with a rational die- 
tribution of the current the tension is kept practically 
constant. The transmissions of the wheels to the count- 
ing works are so arranged that the fingers show directly 
on the dial plates the number of ampére hours which 
have been transmitted. The accuracy of this electricity 
meter is quite equal to that of the gas meter (not better ?) 
and the simplicity of the arrangement guarantees accu- 
rate and durable work. 

This electricity meter was closely tested last year by 


the International Commission of experts in Frankfurt- | 


on-Main, and subjected to repeated practical investi- 
gations. | 


17th Series of Experiments, Friday, November 1st, 1889. 


ALTERNATING CURRENT ELECTRICITY METER BY 
GANZ & CO. 


The investigation was conducted by passing the cur- 
rent of a variable number of glow lamps through the 
counter. | 

The tension was observed and kept as constant as 
possible. The constant obtained in the last but one 
current of the results was obtained by dividing the 
differences of the positions at the beginning and end of 
the time of observation by dividing the number of 
lamps burning by the time of the observations in 
minutes. 


| | | 
| | vinerence. | | Tension, | Constant 
= 3 4 5 6 7 
17a. 0’ 0 
1’ 232 
2’ 467 467 195 101:2 1 20 
b 0’ 800 À 
1025 
2’ 1237 437 175 100°8 1°95 
c 0’ 500 
1’ 695 
2’ 895 395 150 1016 1°32. 
d 0’ 300 
1’ 464 
2’ 633 333 125 100 8 ?'33 
850 
990 
2’ 1132 282 100 101°5 1°41 
f 0’ 300 
1’ 408 
2’ 524 224 80 101°2 1°40 
0’ 180 
1’ 265 
= 348 168 . 60 |, 1006 1°40 
h 0’ 450 
2’ 565 
4’ 679 229 40 1009 ! 1°43 
i 0’ 770 
2 853 
4’ 936 166 30 101:2 1°38 
k 0’ 580 
633 
4! 686 106 20 101:1 1°33 
l 0’ 740 
4’ 794 
8’ 844 104 10 | 1016 | 1:30 
mn. (’ 860 
15’ 891 
10’ 921 61 5 101°3 1°22 
D 0’ 930 
7-5’ 944 
18’ 960 30 2 | 101:5 1:00 
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According to the statement of Herr Blathy the meter 
is calculated for currents up to 150 ampéres. Within 
the limits from 20—150 ampéres the deviation is only 
3 p.c., as the following table shows :— 


Lamps. Constant. Difference. 
150 1 32 0 05 
125 1°33 0 04 
100 1°41 0°04 

80 1°40 0°03 

60 1°40 0°03 

40 1°43 0°06 

30 1°38 001 

20 1°33 0°04 
1°37 


. mean 004 = 3 p.c. 


In judging the results it must be remembered that the 
meter was an experimental apparatus involving several 


mechanical defects, and that the consumption of current — 


in every series of glow lamps was not quite alike. 
The dial is set in motion by the passage of a currrent of 
0:25 ampere. 


COMPRESSED AIR INSTALLATIONS ON THE 
POPP SYSTEM. 


(FROM A CORRESPONDENT.) | 


THE Popp system of compressed air installations seems, 
contrary to all the previous expectations and predictions 
of the technical world, about to obtain practical results 
in Germany, and this, strange to say, not by the 
‘“ International Compressed Air Company, Popp’s 
System,” which, as it is well known, was established by 
the Société d’Escompte with an enormous share capital 
and with its headquarters at Berlin, but by the firm 
August Riedinger & Co., at Augsburg, a well-known 


firm for gas installations. This company has acquired ° 


the Popp patents for South Germany, and is now endea- 
vouring to procure a fruitful field for the compressed 
air system. According tothe Finanzherold (a Frank- 
fort paper), extensive compressed air installations are 
to be carried out in the first place in Wiirzburg, Bam- 
berg, Fürth and Offenbach. : 

The first-named town wishes to grant a sum of half 
a million marks as a contribution to a compressed air 
installation, and to carry it on on municipal account. 
If, as it seems probable, the arrangement is carried out, 
the Riedinger Company will have the execution of the 
project, and as 500,000 marks are insufficient, it will 
undertake a large part of the expense and share the 
profits. A private committee has been formed at 
Augsburg and offers to bring forward an extensive 
capital. The demand has been, for the present, esti- 
mated at 400 H.P. 

Negotiations are on foot at Bamberg. On inquiry 
there seems to be a demand for compressed air to the 
extent of 600 H.P. | 

At Fürth an agreement has been already signed. 
According to thisthe Riedinger Company will have the 
exclusive concession for working the compressed air 
installation for 40 years. The maximum price is to be 
1:20 pfennig per cubic metre of air. Besides a yearly 
subsidy of 1 mark per 100 metres run of piping, the 
town is to share the profit of the undertaking as soon as 
the returns exceed 6 per cent. on the capital. After 11 


years the town can buy the installation for 16 times the 
amount of the nett average profit, though this price 
must never be less than 15 per cent. above the cost of 
the installation. Application has already been made 
for 2,300 H.P. of compressed air. The installation must 


be completed in two years at latest. 


At Offenbach the same agreement, with slight differ- 
ences, is ready for signature. More weight is there 
laid on the electric light than at Fiirth and the town 


wishes to have its entire consumption of compressed 
air free at a rate of 10 per cent. The applications made 
amount to 1,000 H.P. and the completion of the works 


is fixed for two years. 


The Riedinger Company is also making advances to 
Sachsenhausen, though in conjunction with the Berlin 
Compressed Air Company. There are at Sachsenhausen 
seven large breweries in addition to other important 
industries. 

It is announced from Paris that official experiments 
made with the new large installation (2,000 H.P.) have 
given very good results (?). The consumption of fuel 
was smaller than it had been estimated and the machines 
gave a higher useful effect (0°356) than has previously 
been effected (?). The compressors had been furnished 
by the Cockerill Company, of Seraing. 

The illumination of that part of Paris (the so-called 
“gecteur Popp”) for which the Popp Company has 
obtained a concession, is also to be combined with the 
working of compressed air. 

It is reported that Solignac, the electrician of the 
French Popp Company, has devised a new system with 
“undulators” and accumulators. As the company 
wishes to have several stations for producing cold air, 
there will be erected within the “ Popp secteur ” several 
stations for generating current, from which the 
secondary districts will be supplied and the current 
generators will be driven by compressed air motors. 
The electric machines required will- be furnished by 
the Breguet Company, and the motors by the Société 
Alsacienne. 


THE MANAGEMENT OF ACCUMULATORS.* 
By J. K. PUMPELLY. 


III. | 
IN speaking of the handling of storage batteries, it 
must be understood that all the forms of them now in 
the market are of the same chemical nature, and they 
are therefore all treated in the same way. Later on we 
shall describe the various mechanisms that mark the 
distinctions between them. 

Let us pay close attention to the one we have sup- 
posedly made ourselves. According to the estimates 
mentioned in our last article, say there are 30 cells, of 
an efficiency of 100 ampéres, and of an E.M.F. of 
60 volts. These 30 cells are connected in series ; that 
is, each negative pole is firmly fastened to the positive 
pole of the next, and each positive to the negative, until 
we come to the last of the 30. Here, of course, we find 
a negative pole free at one end and a positive at the 
other. Now, to charge them, we connect the positive 
pole by a wire of sufficient size to carry the current 
we wish to charge with, without heating, to the positive 


pole of the dynamo, and in the same way the negative 


to the negative pole. 

The dynamo for our use is shunt wound, and has 
been arranged to give a current of 15 ampéres, which 
is continued for, say, seven hours, in which time we 
ought to have accumulated a capacity of 15 x 7 = 105 
ampéres. It may be that in our calculations we have 
wasted 5 ampéres, not having surface enough to take 
them up. As to this we shall never know exactly, 
since if we get a successful discharge of 80 or 85 amperes, 
by an output of 10 ampéres per hour, we shall be 
satisfied, and if the batteries are well made and work 
properly, such a discharge, at this economical rate per 
hour, can undoubtedly be obtained ; more surely 80, if 
part of the discharge is made in the daytime, allowing 
the night to intervene as rest, for, under such condi- 
tions, the night’s rest seems to add efficiency to the 
battery, or rather, to regain some of the working ability 
already taken out. 

The reader or experimenter can now understand how 
many exceptions there are to any rules laid down for 
handling these erratic things; many pages of a book 
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could be filled with whys and wherefores on the pro- 

iety of doing this or that; and he can see how 
confusing and discouraging it is to the man new in the 
business to try to follow out such rules, even after he 
has made his battery, and is delighted and satisfied that 
it does anywhere near the work that it ought to do. 

The writer, having been through this, is not quoting 
the dicta of others, who were, but a short time ago, the 
only authorities on storage batteries, and each of whom 
expressed his own theory ; but is leading the experi- 
menter and beginner by the hand, and with him is lean- 
ing over the mysterious boxes, watching every bubble 
that comes to the surface, disregarding the rising fumes 
of sulphurous acids, or the burning touch of the fingers 
to the electrolyte, in the anxiety to know if every con- 
tact is perfect, and that all is mechanically right. 

It is not by books that we learn to manipulate, but 
we do discover, by them, what the experience of others 
teaches, and know in this way what return we ought to 
have for our labour, and what, by the theories of ad- 
vanced scientific students, we have a right to expect. 

Since Salomons, Gladstone, Tribe and certain German 
scientists wrote on storage batteries, much has been dis- 
covered, and many improvements made ; but after all, 
the mechanical combination of the lead support, with 
the more easily disintegrated oxides of lead, is of the 
first importance, and this can only be learned by ex- 
perience, thought and ingenuity. There are many ways 


_of doing the same thing, and as long as the plates of the 


positive and negative poles are held apart at the right 
distance, and all the negative plates are thoroughly con- 
nected, so that no action of the acid in the electrolyte 
will force them apart by corrosion, and the same is true 
with the positive plates, the battery will receive the 
charge as it should, and successfully do a certain 
amount of work in the discharge ; but the difficulty is 
to make a battery in such a way that not only is this 
work done, but done economically and continually for 
months and years. 

The writer, seeing in advance how important com- 
mercially storage batteries would become, has always 
striven to obtain durability, the lack of which has ever 
been a great objection to their use, and to do this he 
has departed from the usual form of mechanism ob- 
taining in other batteries. But, to go back to one of 
the 30 cells that we have made together, it seems to be 
working well; the bubbles of hydrogen gas come 
slowly to the surface along the negative pole, the nega- 
tive plate becomes gradually darker, and the positive 
of a constantly increasing maroon colour ; and after a 
constant charge of 30 hours, we find this colour quite 
dark, and the surface of the liquid filled with spark- 
ling dancing bubbles of gas, evidently of both 
hydrogen and oxygen. Then a slight milky appear- 
ance takes place, and an acidometer placed in the liquid 
shows an increased specific gravity, making instead of 
1,150, at which we started, the record of 1,200, or even 
1,210. We now conclude with safety that the battery 
is charged to the extent of its capacity. We disconnect 
it from the dynamo, before stopping it, by the aid of a 
quick-acting switch, through which the wires from the 
batteries should pass, which arrangement, by the way, 
we had forgotten to mention in explaining our first 
process of connecting. The reason for it is, that if we 
stop the dynamo, leaving the batteries still attached, 
the electromotive force that has been created in the 
batteries will react upon the dynamo, making a motor 
of it, or if the machine does not revolve as a motor, 
then the resistance will generate so much heat that the 
armature may be burned. 

We are now ready to try our battery on some incan- 
descent lamps. We have 30 cells, s0 we must use 60- 
volt lamps, because each cell acts with a pressure of 
E.M.F. of two volts, and collectively with 60 volts. 
The current needed for each lamp is one ampére, hence 
we might expect to make one lamp like this burn 100 
hours, and ten lamps ten hours; but. we find, after 
trying this in our first discharge, that but little over 
one half of this expected efficiency is the result, and, 
With it, terrible disappointment. Every point of con- 
tact is carefully examined, almost with a microscope, 


searching for the cause, but mechanically all is correct. 
The negative plates have lost some of their slate 
colour, and show more of a gray tint, as they ought 
according to chemical theory, and the positive plates 
have changed from a dark maroon to a light claret 
colour, which is as it should be. 

Now, what is the matter? Let us think over this 
phase of the question, and as we are supposed to have 
no authority, not having read any books on the result 
of a first forming charge, we must rest on the theory 


declared by electro chemists, as to the composition of 


the plates after the first charge, and what is necessary 
to complete the charge in the lead oxides, in order to 
give a full efficiency in discharge. Thus reasoning, we 
may readily conclude this point without further aid or 
experimenting. A first charge, which we call the 
forming charge, does not fully, or even in any fair pro- 
portion, convert the litharge into a sufficient quantity 
of finely divided lead, nor the material on the positive 
plate, which was red lead, into a sufficient quantity of 
peroxide of lead, to produce the full percentage of 
chemical change necessary to do the expected amount 
of work. 

On the strength of this reasoning we may expect 
better results on our second charge and discharge. 
Having therefore discovered, by our second, from the 
showing every hour on our ampére-meter, that with 30 
hours of charging at the rate of 15 ampéres, we have 
realised from the discharge only 50 ampéres, we begin 
again, and while the same current is running through 
our batteries, we will explain why we talk about 30 
hours’ charge, when, at the rate of 15 ampères, seven 
hours ought to be sufficient to store up 100 ampères for 
work, 

It was found by Planté that it needed a much larger 
charge of electricity to convert oxides of lead into such 
a condition chemically, than it does merely to charge 
fully formed batteries. 


ARC LIGHTING AT THE MANNINGHAM 
SILK MILLS. 


THE electric light has been introduced into the well- 
known silk mills of Messrs. Lister & Co., at Manning- 
ham, Bradford, for some years, and found to be of the 
greatest possible advantage when matching of colours 
became necessary, especially where such delicate shades 
are required, as in the manufacture of plushes, velvets, 
seal, and other silk productions, for which this firm 
stand so pre-eminent. 

The requirements for the use of extra arc light in the 
various manufactures has resulted in the addition of so 
many circuits and dynamos that a rearrangement of the 
system lately became necessary. This system had in- 
creased by these frequent additions, up to the beginning 
of last year, to six series dynamos running 1C0 1,000-C.P. 
Pilsen arc lamps, and three Gramme machines, each 
running one 25-ampére lamp. The numerous circuits 
were scattered over a large area, and as the varying 
requirements of the several departments necessitated 
at times only a few lights on each circuit for all night 
work, the running of a large number of dynamos was 
frequently necessary for only a limited number of 
lamps. In addition to the fact that many changes had 
occurred in the employment of lamps of varying power, 
and that different incandescent lamps had become a 
necessity for some of the manufactures, especially in 
the dyeing and finishing departments, the proper regu- 
lation and working of the various circuits became more 
and more difficult, and as the exigencies of, and rapid 
increase in, the manufactures necessitated still further 
addition, it was finally decided by the firm to act on 
the advice of their electrician, and work some of the 
circuits on a rearranged plan with a low tension current. 

In the early part of last year, acting on this advice, 
a dynamo was purchased from Messrs. Andrews 
and Preece, electrical engineers, of the Borough Mills, 
Bradford, which gave an output of 150 amperes 
and 115 volts. With this a number of arc lamps were 
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run in a parallel series of two, together with a few 
incandescent lamps of 32 and 50 C.P. To give this 
system a thoroughly good test the dynamo was kept 
running nearly all day and night for about six months, 
and at the end of that time Messrs. Lister & Co. 
were thoroughly satisfied of the suitability of this 
arrangement to their numerous requirements, and, as a 
result, an extension of the plan and a consolidation of 
their electric light system was decided upon. 

A second dynamo of the “ Preece” type was pur- 
chased in the same year of Messrs. Andrews & Preece, 
built especially to suit the requirements of Messrs. 
Lister & Co. This dynamo, which gave an output of 


500 ampéres and 115 volts, was put down in October 


last in a special room set apart for it in the plush 
batting and shearing department, the power being ob- 
tained from one of the several mill engines which, by 
means of countershafting and friction clutch, was con- 
nected when required. 

To carry out the consolidation of the system so that 
the whole might be under proper control and easy of 
management, the whole of the series circuits were 
taken down, and all arc lamps arranged in newly run 
circuits of parallel series of two, with the addition of 32 
and 50 C.P. incandescent lamps where required. The 
various circuits were brought to a massive switch- 
- board, controlled by substantial switches manufactured 
by Messrs. Andrews and Preece. This second dynamo 
was run full load for about six months, nearly day and 
night, and at the end of that time in the present year, 
the new arrangement having been proved to work so 
satisfactorily, it was determined by the company (now 
Messrs. Lister & Co., Limited) to lay down a third 
machine of the same capacity as the second, which had 
proved by its evenness and consistency of running, its 
excellent character, in order that the plant might be 
duplicated. | 

In April of the present year the third machine was 
put down by Messrs. Andrews and Preece in the old 
dynamo room, the power being supplied by a Robey 
25 nominal H.P. engine. In this room is fixed a 
switchboard similar to the one in the new dynamo 
room, to which are connected a number of circuits run- 
ning through the seal dyeing, shearing, finishing and 
other departments. The two switchboards are con- 
nected together by a special switch arrangement which 
enables the dynamos to run the circuits independently 
or conjointly. 

At the present time the number of lamps and their 
oe ere distributed over the various circuits is as 

ollows :— 


Incandescent lamps 16, ... ... 50 
à 


Total lamps ... ... 256 


Or an aggregate power of 122,900 candles ; the dynamos 
are as previously stated :—Two Preece dynamos, each 
900 ampéres and 115 volts, and one dynamo of 150 
amperes and 115 volts. 

The two large dynamos are so arranged that each can 
work separately on its own special circuits, or either 
dynamo can work its own circuits as well as those of 
the other. For example, if the mill engine driving the 
_ No. 1 large dynamo be stopped, or not requiring to run 
all night, then the No. 2 dynamo, driven by the separate 
engine, takes its place and runs the necessary circuits 
by connecting the two boards together. The special 
connecting switches between the two switchboards are 
arranged as plug switches, and can be only connected 
up for one engine to run the circuits jointly at the same 
time. As there is only one set of plugs it is impos- 
sible for confusion to happen. The arrangement is 
excellent and, in practice, is found to answer admirably. 

The working of the machines can be so arranged that 
when all the lights fixed are required to be run, the 
two dynamos will be working their own respective 
circuits ; when the load is a light one the switchboards 


| 


can be properly connected, and one machine only do 
the work. When the lighting requirements at night 
are insufficient for keeping one of the large machines 
going, the third machine of 150 ampères capacity is 
utilised, so that now under the new arrangement of 
working as suggested by the company’s electrician, not 
only is great economy effected, but the system of work. 
ing is greatly improved and rendered more efficient 
and kept under better control. We have had an 
opportunity of inspecting lately the whole of this in- 
teresting installation, and are glad to learn that the 


utility, comfort, and advantages of the electric 


light at these important mills have been proved to 


be so great that a still further extension is in con. | 


templation. The whole of these alterations and 
extensions have been well and carefully carried 
out by Messrs. Andrews and Preece, Limited, under 
the direction and the supervision of Messrs. Lister and 
Co.’s electrician, Mr. Edwin Preece, who has been in 
their service for many years, and who may be congra- 
tulated upon the excellent results obtained from his 
plans and suggestions. 

This installation, if not the largest, is one of the most 
important in the manufacturing districts of Yorkshire, 
The Manningham Mills are well known as being of 
exceptionally great extent and importance. | 


ELECTRIC LIGHTING IN SOUTH-WEST 
LONDON. 


ELECTRIC lighting in the South West of London 
appears to be assuming a more definite form. For 
some years past a small plant, consisting of dynamo 
and gas engine, has been in constant operation on the 
premises of Messrs. Francis and Son, of 446—450, 
Brixton Road. The dynamo supplies current to a 
number of arc and incandescent lamps installed in and 
outside of the firm’s shops, and also to various lamps 
which illuminate some of the adjoining shops. This 
installation has worked very satisfactorily since its 
inauguration. A little higher up the Brixton Road the 
Brixton Estate has erected three large blocks of houses 


and shops, extending from the main road to Brixton 


Railway Station. These are handsome. buildings, con- 
structed to meet the local requirements. They are 
divided by a street termed Electric Avenue, and by 
another thoroughfare called Electric Lane. The former 
will be lighted with Fyfe-Main arc lamps of 2,000 C.P., 
and will form one of the most attractive features in 
lighting in London. The shops and houses have 
already been wired, and a small central station has 
been erected on the estate in the rear of the avenue. 
An interesting feature in the station is the plant, which 
was formerly employed in connection with the illumi- 
nation of the works of the Forth Bridge during con- 
struction. The engine is of the Davey-Paxman hori- 
zontal type; but the dynamos have not yet been 
installed, owing to the buildings not yet being tenanted. 
It is proposed to have telephonic call rooms in the out- 
lying districts, embracing a population of over a quarter 
of a million, so that orders may be rapidly transmitted. 

Near the Kennington Park end of Brixton Road, 
between Offley Rvuad and South Island Place, a large 
number of old houses have been demolished, and in 
their place are being erected many shops and stores. 
These are being divided by a handsome avenue, which 
is denominated Electric Promenade, which will extend 
from the Brixton Road right through to the Clapham 
Road. These buildings and the avenue will be electri- 
cally lighted, and the current, as in the former case, 
will be supplied from a central station. In addition to 
these two instances, there is the probability of electric 
lighting extending at Clapham when the traction 
business of the Electric Tramcar Syndicate is in full 
operation. Taking the subject generally, the inhabi- 


~ tants of the south-west seem to be greatly in favour 0 


electric lighting in preference to the bad quality of gas 
which is supplied in that district. 
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LIGHTNING CONDUCTORS. 


By S. ALFRED VARLEY. 


SECOND SERIES, 


(Concluded from page 670.) 


In the last contribution it was pointed out that Prof. 
Lodge’s own experiments demonstrate clearly that 
Leyden jar discharges are completed more quickly 
through solid copper conductors of large section than 
through copper conductors of smaller section, notwith- 
standing the inertia encountered is greater when the 
section of a conductor is increased. It was also pointed 
out that within the limits embraced by Prof. Lodge’s 
experiments the superiority of copper over that of iron 
for effecting rapid discharge was so great that the 
Leyden jar was observed to discharge in less time 
through a No. 19 B.W.G. copper wire than through a 
No. l iron wire. It was also further pointed out that 
the simple theory developed in the course of this article 
was capable of explaining in a natural common sense 
manner all that which was observed in connection with 
the “alternative path ” experiments. 

It is thought advisable to make afew further remarks 
in reference to the rate at which statical discharges fall 
down to zero after the maximum flow has been reached, 
because although very full consideration has been given 
to the inertia tesistance opposed by conductors at the 
‘time statical discharges are rising from zero to the 
maximum flow, our mathematical physicists (it seems 
to the writer) have overlooked altogether. that the 
inertia encountered represents a storage of energy 
which contributes to the rapidity of the fall from 
the maximum flow down to zero. A long submarine 
circuit is an example of a Leyden arrangement, in 
which the conditions that determine the rate of fall 
from the maximum discharge to zero are the very 
reverse of those which prevail when ordinary Leyden 
jars are discharged through short solid conductors of 
low conductive resistance. © 
. Ina submarine circuit the magnetic inertia and self- 
induction is relatively small, and has very little in- 
flaence in determining the rate at which statical charge 
can become accumulated, and it has also practically 
very little influence in determining the rate of fall at 
which the cable discharges, the reasons being that, in a 
submarine circuit, the conditions are very favourable 
for the accumulation of statical charge owing to the 
large extent of surface which forms the inner and outer 
coatings of the Leyden arrangement ; at the same time 
the conductive resistance of the copper core is rela- 
‘tively great, and consequently discharge occurs very 
slowly, the time required for complete discharge being 
theoretically infinitely great. In a lightning conductor 
it is inertia resistance encountered, that determines the 
rate of discharge. In a working submarine cable, the 
outer surface of the conductor forms the inner coating 
of the Leyden arrangement, and the conductor is con- 
nected through the instruments to the earth, and there- 
fore there is a good electrical connection always exist- 
ing between the two oppositely charged coatings. Con- 
ductive resistance is the on/y insulation, and it is such 
insulation that enables a statical accumulation of charge 
to occur, and it is also conductive resistance which de- 
termines the rate of discharge. 

Attention has been already called, through the 
medium of this journal, to what was observed in con- 
nection with the recent electric welding experiments, 
performed at the Institution of Civil Engineers, as sup- 
porting the writer’s contention that transient currents 
pass through the mass of aconductor, and that they are 
hot crowded solely in the outer skin.* But it is 
thought advisable to make a few brief remarks as to 
what occurs when electric alternations generated by a 
transformer pass through an iron conductor. The 


— 


ee EvxctricaL Review, May 23rd, 1890, article on Sir 
het — Thomson’s paper, read before the Royal Society, Edip- 


and the earth. 


action of the secondary circuit of a transformer is fairly 


comparable with that of a brattice dividing a mining 
shaft, which enables two currents of air to be trans- 
mitted freely through the shaft in opposite directions at 
one and the same time. If the secondary circuit of 
a transformer be closed through itself, and al ations 
be transmitted through the primary circuit, there will 
then be practically no inertia resistance opposed in the 
transformer, what resistance is encountered will be con- 
ductive resistance only. In the electric welding experi- 
ments, the iron # heated were included in the 
secondary circuit o the transformer, and the iron 
bars themselves opposed very great inertia resistance to 
the electric alternations, the conditions which prevail 
in the iron bars resembling that of a mining shaft 
when the brattice becomes destroyed. Under such con- 
ditions in a mining shaft, the currents of air travelling 
in opposite directions come into collision with one 
another, and instead of transmission, a local transforma- 
tion of energy occurs, precisely the same thing happens 
when electrical alternations are being rapidly. trans- 
mitted, through an iron bar more especially, but also in 
a less degree through any solid conductor ; at each alter- 
nation inertia has to be overcome, resulting in a trans- 
formation of energy into magnetism, and before the 
demagnetisation of the one alternation has had time to 
be completed, an alternation in the opposite direction 
occurs, and it results in eddy currents being set up in 
the iron bar, bringing about a local transformation of 
energy into heat ; the resistance which is opposed as a 
consequence of the eddy currents set up in the iron is 
very great, but transformers can accommodate them- 
selves in a considerable degree to the resistance en- 
countered, and what results is an increased voltage, with 
a corresponding ampére reduction of the alternate cur- 
rents developed in the secondary circuit of the trans- 
former, and the outcome is that the transformation of 


energy into heat is confined in agreater degree to the iron 


bar desired to be heated than would otherwise occur. 
The writer annexes an extract from Prof. Lodge’s 
paper of 1889, read and discussed at the Institution of 
Electrical Engineers, and he does so lest it might seem 
that he has incorrectly stated the conclusions mathe- 


-maticians have arrived at. The passage referred to reads 


as follows :—‘“‘ A few words may suffice to explain the 
nature of the impedance which alternating currents 
meet with in passing through a conductor, and of the 


for the purpose of conveying currents alternating with 


reason why iron is as good as, or even better than copper — 


extreme rapidity ”’—the italics are writer’s own—but | 


if what is stated in the passage quoted be true then 
copper bars should be more readily heated by an 
alternating current welding machine than iron ones, 


- and iron conductors might be substituted with advan- 


tage for the copper mains now employed in connection | 


with high pressure alternating electric systems. 


To practical common sense it seems impossible to | 
understand that mathematicians can in any other, than | 


in an academical sort of way, really believe that iron 
is capable of transmitting rapid electrical alternations 
as efficiently even as copper, not to say more efficiently. 
That mathematical reasoning, having for its basis the 
newer electrical theory, leads Prof. Lodge to such a con- 


clusion is evidently so from his published statements, 


and one of the reasons he has given for preferring iron 
to copper is its higher melting point and less liability 
to be fused. | 

For: the protection of buildings Prof. Lodge has sug- 
gested that in place of asingle point the roof of the 
building should be surrounded with galvanised iron 
wire, bristling with points, and he seems to think that 
such an arrangement would help to bring about dis- 


charge quietly; the observations made by the late — 
Andrew Crosse with an exploring wire afford evidence | 
that atmospheric discharge does take place silently ! 


in a very large degree, and it seems probable 
that discharge by lightning is the exceptional form 
in which discharge occurs between the clouds 
In a passage too long to quote in 
its entirety, Andrew Crosse states that “when the 


edge of a thunder cloud is perpendicular to the — 
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exploring wire, a slow succession of discharges takes 
place between the brass ball of the conductor and one 
of equal size connected with the nearest spot of moist 
ground. I usually connect a large jar with the con- 
ductor which increases the force of, and in some degree 
regulates the number of explosions.” He goes on to 
say “that after a certain number of explosions, say, of 
negative electricity, which at first may be 9 or 10 in a 
-minute, a cessation occurs of some seconds or minutes, 
as the case may be, when an equal number of explo- 
sions of positive electricity takes place ; and he further 
states that the alternate discharges of positive and nega- 
tive electricity increase in rapidity as the cloud passes 
over the exploring wire, “until a regular stream com- 
mences, interrupted only by the change into the oppo- 
site electricities,” and that “ when the middle of the 
cloud is overhead a crashing stream of discharges takes 
place, the effect of which must be witnessed to be 
conceived.” | 

The surface of any single building is so small, rela- 
tively, and the distance intervening between it and the 
cloud is so large that the writer is disposed to think it 
can practically make very little difference whether 
there be one or numerous points, providing the single 
point is a considerable height above the highest point 
of the building. The writer tried the experiment a 
great many years ago of substituting a single point for 
the comb of a cylinder frictional machine, and he found 
the single point to act as efficiently as the comb, a 
Leyden battery, consisting of a number of jars, being 
charged to the discharging potential with the same 
number of turns of the handle, when there was only a 
single point, as was the case with the comb, which con- 
sisted of a row of points. 

A thunder cloud the writer considers to be fairly 
comparable to a reservoir of water situated on a height. 
It sometimes occurs that owing to the pressure of the 
water the retaining walls of a reservoir give way ; 
leakage of water takes place usually before the 

actual catastrophe, and such leakage assists to break 
down the cohesion of the structure, which gives way 
at first slowly, and afterwards rapidly, letting loose 
.a flood of destructive energy. The fact that there are 
drains in the valley will have no influence whatever, 
so far as the bursting of the reservoir is concerned, but 
their capacity to carry away the flood, when it does 


come, is of very considerable importance in mitigating 


the destructive consequences. Now a thundercloud is, 
after all, only a reservoir of energy, the retaining wall 
being the dielectric atmosphere separating the clouds 
and the earth. All the time charge is being accumu- 
lated, more or less discharge is quietly occurring ; but 
if the potential accumulates faster than it is being 
lowered, the electrical pressure becomes sufficient to 
break down the cohesion of the air molecules ; before 
this actually occurs the electrical leakage usually in- 
creases, and such electrical leakage acts in a very similar 
way, as the leakage of water through the wall of a 
reservoir subjected to great pressure, and it helps 
to undermine the dielectric wall which gives way 
at last suddenly, the heat then developed in the path of 
discharge greatly reduces the resistance opposed, and a 
flood of energy is poured down which it is the purpose 
of a lightning conductor to carry harmlessly away. 
Were it not for the great reduction of resistance 
which occurs in the air path immediately after it has 
given way, the whole of the energy accumulated 
in a thunder cloud would be dissipated in forcing 
“ passage through the air. As it is, seeing the enor- 
mously greater resistance of a mile of even highly 
heated air compared with that of a few hundred feet 
.at the outside, of a metallic conductor, and seeing also 
«the very imperfect conductivity of the surface of the 
- earth, as well as that of the clouds, by far the greater 
‘amount of energy which becomes dissipated at the 
time of a lightning discharge must be spent in the 
clouds themselves, the air path, and also the earth ; 
but nevertheless, owing to the reduction of resistance 
in the air. path, which occurs in the very act of break- 
ing it down, a flood of energy is liberated which the 
. lightning conductor is designed to deal with. 


Now, certain of our mathematical physicists would 
have us believe that the flood of energy, which after 
the cohesion of the air molecules has been broken 
down, forces its way through a path of great resistance, 
instead of going through the mass of the lightning con- 
ductor, passes down an outer skin of microscopic thick- 
ness, and oscillates backwards and forwards between 
the clouds and the earth. They would like to persnade 
us that electricity and energy, whose rate of motion (as 
neither possess weight, 7.¢., inertia) would be infinitely 
great were it possible to obtain a conductor which 
opposed no resistance, and whose actual speed, as it is, is 
determined solely, by the resistance encountered, passes 
up and down the conductor, and farther they call upon us 
to believe that an entity not possessing inertia is capable 
of oscillating, although they admit, at the same time, 
that «all oscillation involves inertia, 2.6. weight; and 
why is this demand made upon our credulity? Simply 
because the mathematical development of a theory, pro- 
pounded by a very eminent physicist, seems to demand 
it, and it would really seem 


That when a theory’s in the case 
All common sense must then give place. 


The efficiency of a lightning conductor, in the opinion 
of the writer, depends upon its low magnetic inertia 
and specific conductive capacity ; and, as the magnetic 
inertia of copper is very much less than that of iron, 
whilst its conductivity is six times greater, copper he 
considers to be a very superior material to iron for the 
construction of lightning conductors. 

The actual resistance opposed by a lightning con- 
ductor, compared with that encountered in the air 
path, is so very small that a copper wire of compara- 
tively small section is sufficient to conduct harmlessly 
away ordinary lightning discharges, but Prof. Lodge’s 
own experiments, demonstrate clearly, that solid copper 
conductors of large section are more efficient than 
conductors of smaller section, and the fact that the 
points of a lightning conductor are occasionally fused 
is evidence that conductive resistance is an element 
which should be taken into consideration. 

The most efficient conductor, according to the writer's 
views, is a multiple copper conductor, constructed 
either of ribbon copper or a number of wires, the 
writer would prefer wire simply, because it is more 
practical, and can be stranded ; but a series of parallel 
copper ribbons, the writer is disposed to think, would 
be theoretically more perfect. | 

In a multiple conductor the energy of the discharge 
is exerted more wholly longitudinally than in a solid 
one. It is not that such disposition of the conducting 
material reduces the actual magnetic inertia, but be- 
cause the mutual induction between the molecules, 
magnetised in the act of discharge, is very much 
reduced, and the general outcome is, that the resistance 
which is opposed, is in a much larger degree conductive 
resistance only, and a single multiple conductor of 
large section should have less inertia resistance than 
single wires of smaller section, or a single copper 


ribbon. 
. In Prof. Lodge’s “alternative path” experiments, it 


was observed that when a copper wire nf large section 
formed the path of discharge (L, fig. 23), the Leyden 


jars discharged through it more rapidly than was the 


case when the L path was of smaller section, it was also 
observed that when the section of the path, L, was 1n- 
creased, the spark produced at B, admittedly due to 
to inertia in the conductor, became increased also, 80 
there was positive evidence afforded of greater inertia 
encountered, along side of greater rapidity in the rate 
of discharge. The explanation given by the writer of 
this, at first sight, paradoxical phenomenon, was that 
the inertia encountered in the path of discharge, repre 
sented a transformation of energy into magnetism, and 
the larger the section, the greater such transformation, 
and further, that the transformation of energy into 


‘magnetism represented energy stored in the conductor, 


which was given out as current immediately after the 
maximum flow has been passed, and helped to increase 
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the rapidity with which the discharge was completed, 
and he also expressed the opinion that the larger the 
section of the conductor, the longer the interval of time 
requisite for the Leyden jar discharge to rise from zero 
to the maximum flow, but it was stated that such in- 
creased interval of time was more than made up for by 
the greater rapidity in the completion of the latter por- 
tion of the act of discharge, assisted as it was by the 
greater conductivity of conductors of larger section. 
At the time the writer penned the explanation here re- 
ferred to, certain thoughts haunted him, but he con- 
sidered it would be better to defer what he felt tempted 
to say, to the concluding portion of the article, and what 
is now put forward, he wishes to be regarded in the 
light of a speculative suggestion deserving considera- 
tion. The thought which has obtruded itself is, 
that, seeing what is occurring at the time a Leyden 
jar discharge is rising from zero to its maximum 
flow, is simply a transformation of energy into 
magnetism in the path of discharge, may not such 
transformation occur more rapidly when the section of 
a conductor is increased ? Should this be so, as he is 
disposed to belive, then the greater section of the con- 
ductor, the greater the percentage of the energy asso- 
ciated with the statical charge, that would become 
transformed into magnetism, and the sooner, also, that 
the demagnetisation of the conductor would commence. 
According to this view, the transmission of the energy 
accumulated in connection with the statical charge 
would proceed from the charged Leyden jar more 
quickly from the very commencement of the discharge 
until its completion. 

It must not be overlooked that the current developed 
by the act of demagnetisation of the path, L, is pro- 
duced solely in this path, the circuit being com- 
pleted across the air space, B ; and, further, that such 
current is developed by energy limited in quantity, and 
accumulated, in the first instance, in the Leyden jars. 
Now, seeing the energy of a charged Leyden jar is a 
limited amount, it cannot become transformed into an 
unlimited quantity of magnetism, and that being so, the 
writer is of opinion that what is now commonly con- 
sidered as inertia resistance is nvf_resistance in any true 
sense of the term, and the logical sequence of what has 
just been said seems to be that the inertia resistance of 
aconductor is limited to the amount of energy it is 
opposed to. In the working theory developed in the 
course of this article, the inertia of matter which is 
inseparable from it, which can neither be added to nor 
taken from matter, and which constitutes matter’s most 
distinguishing property, has been described as negative 
energy ; and, further, that in all physical phenomena 
or transformations of energy, the positive and negative 
energies must be necessarily balanced, as the perform- 
ance of a physical act is a combination of posi- 
tive with negative energy equally with what is 
understood as a chemical combination. To sum 
up the the matter briefly, the writer would state 
that the conclusion he arrives at is, that what 
is now regarded’ as inertia resistance, is not re- 
sistance in any veal sense of the term, and he 
feels very confident that if the “alternative path” 
experiments were repeated with copper, L, paths of 
uniform length, but of varying section, employing 
statical charges of uniform quantity and potential, that 
if the experiments were commenced with, L, paths of 
small section, increasing gradually their size, the spark 
at B would in the first instance be found to increase 
with each increase of section, but that the percentage 
of increase of the spark would be also found to decrease 
rapidly after a certain size had been reached, and a stage 
would be arrived at, where the spark produced at B 
reaches practically the maximum amount obtainable, 
and any further enlargement of the conductor after 
this, would not perceptibly increase the spark at B. 

_ The truth of the writer’s reasoning derives support 
incidentally from the recorded results obtained by 
Prof. Lodge. 
extract from the published report of the Dr. Mann 
lectures, which appears in the issue of this Journal of 
June 13th, that when the L paths were iron wire, the 
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It will be seen by a reference to the | 


specific magnetic inertia of which is so very much 
greater than that of any other conducting material, the 
critical length of the spark at B was observed to be the 
same with iron conductors of No. 1 and No. 18 gauge, 
the sectional area of a No. 1 wire being somewhat more 
than forty times as great as that of a No. 18 gauge 
wire. | 

The writer has now said all that he thinks it neces- 
sary to put forward at the present moment in reference 
to the so-called advance in electrical theory. The issue 
is a very plain one—either the writer is absolulely 
wrong, or the newer development of theory has no 
claims whatever to be considered an advance on the 
simpler theory of the older school. It must be ad- 
mitted that the writer’s criticism has been suggestive, 
and in a measure constructive, for he has not hesitated 
to state what he has considered to be the logical deduc- 
tions of what has been brought forward, and he thinks 
he can fairly claim that in the course of this article he 
has again, and again opened up fresh ground, which has 
not hitherto been explored by physicists. He has 
endeavoured to look at the facts of physical science 
from as many points of view as he has found possible, and 
certainly in more than one instance from points of view 
which have wholly escaped the attention of the muthe- 
matical physicist. His criticisms cannot be regarded 
as captious, for he has all along kept touch with his 
base of operations, all the reasoning being based on 
facts and principles admitted by physicists generally. . 

In the writer’s opinion the laws governing physical 
phenomena are absolute, and the principle, energy, 
which is primarily concerned in all the activities, never 
shirks or tries to evade its opposing principle, inertia, 
by passing down the outer cuticle of matter, but, on 
the contrary, that it deals with inertia very much in 
the same way as, say, atoms of hydrogen do, when they 
chemically encounter atoms of oxygen. 

The writer considers he has given a true and full 
explanation of all that was observed in connection with 
the “alternative path” experiments, and if he has 
been able, as he thinks, to turn these experiments to a 
more useful account than their own author, it may be 
certainly fairly contended that the simple common 
sense theory he has inherited is a safer guide, and a 
more efficient instrament of analysis, than what is 
admitted to be a “singularly complex” theory, 
demanding the very highest mathematics for its eluci- 
dation. 

Although the writer has brought forward what he 
himself regards as all-sufficient reasons for the faith he 
holds, he admits frankly that the erperimentum crucis 
has not yet been tried, but in his criticism of Sir 
‘William Thomson’s paper, lately read before the Royal 
Society, Edinburgh, he has pointed out how simply the 
question in dispute, viz., whether transient currents are 
confined to the outer skins of conductors, or whether, 
as the writer contends, they pass throngh the whole 
mass, can be determined by absolute experiment. 

It is not too much to say that in these days of prac- 
tical applications of science, when scientific Professors 
leave their professorial chairs and assurhe the position 
of practical advisers, that any unsound science, 
especially if put forward sensationally, is likely to be 
mischievous, at the very least, as the square of 
the scientific status and enthusiasm of the speaker, 
multiplied by his faith in the infallibility of theory. 

Ags far back as 1858 it fell to the writer to point out 
the errors of mathematical physicists in respect to the 
transmission of signals through submarine circuits by 


means of electric alternations, and this he did by 


showing the true bearing of Faraday’s laboratory re- 
searches. Our mathematical physicists were publicly 
invited to reply to his paper read before the Institution 
of Civil Engineers, but they did not avail themselves of 
the opportunity afforded, and the only criticism was a 
sneer from Cyrus Field that the writer was a “ young 
man” who had gone directly in the face of Faraday. 
Both Sir William Thomson, as well as Prof. Lodge, 
have assumed public responsibility in respect to the so- 
called advance in electrical theory. Sir William Thom- 
son must know from experience the great amount of 
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mischief which is likely to result, when scientific en- 
thusiasm is publicly and sensationally indulged in. 

The writer, in conclusion, invites Sir William Thom- 
son, and also Prof. Lodge, to take some public notice of 
the criticism contained in this article; if what has been 
brought forward is considered to be unsound, then, on 
public grounds, it deserves refutation ; but if the main 
contentions of this article are unassailable, then it is 
not too much to say that both Sir William Thomson 
and Prof. Lodge owe it to the public, as well as to 
themselves. to let it be publicly known that the recent 
mathematical developments of the newer theory are to 
be considered, as purely academical conclusions only, 
of no real value to the practical man. 


THE ROCHESTER AGRICULTURAL SHOW. 


THIS year’s meeting of the Bath and West and 
Southern Counties Society, which has for its object the 
encouragement of agriculture, arts, manufactures, and 
commerce, was held at Rochester from the 5th to the 
10th inst., and was well attended by both exhibitors 
and visitors. From an electrical point of view there 
was nothing shown to call for special mention, but 
many well known engineering firms were represented. 

Messrs. Marshall, Sons & Co., Limited, exhibited, 


among others, a 6 H.P. portable engine, to work at 


80 lbs. pressure, and an 8 H.P. traction engine. On the 
stand of Messrs. Priestman Bros., Limited, were two of 
their well-known oil engines, one being portable of 
11 H.P. and the other of 2 H.P. These petroleum 
engines are suitable for driving dynamos, &c. Two 
stands were occupied by Messrs. Ransomes, Sims and 
Jefferies, Limited, who had a number of exhibits. 
There were shown an 8 H.P. portable steam engine, a 
6 H.P. agricultural locomotive, a3 H.P. vertical engine 
and boiler, &c. Messrs. Aveling & Porter had five 
exhibits, one being a traction engine and Brush Vic- 
toria dynamo combined. This combination is nearly 
always on view at this kind of show. A thrashing 
machine and an 8 H.P. traction engine were the only 
exhibits shown by Messrs. Ruston, Proctor & Co. Neither 
Messrs. Robey & Co. or Messrs. Davey, Paxman and 
Co. were represented. A large stand was occupied 
by Messrs. W. H. Willcox & Co., who showed an 
assortment of engine and machine oils, engine pack- 


ing, hose, belting, engineers’ tools, steam fittings, &c. 


Mr. E. S. Hindley, of London and Dorset, showed 
several vertical engines and boilers and horizontal 
engines with vertical boilers. Four Otto gas engines 
were exhibited by Messrs. Crossley Bros., two Stock- 
port gas engines by Messrs. Bilbie, Hobson & Co., for 
Messrs. J. E. H. Andrew & Co., and one Fielding ver- 
tical gas engine was on view at the stand of Messrs. 
Fielding & Platt, of Gloucester. We hope shortly to 
give a description of this engine, as also of an electric 
weighing machine, which was shown for the first time 
at the Paris Exhibition last year. 

The show of the above Society, although on a 
smaller scale than that held annually by the Royal 
Agricultural Society, has been a success, and has 
resulted in bringing forward several new exhibitors 
this year for the first time. 


THE WARD AND SLOAN BATTERY.* 
By Prof. A. E. DOLBEAR. 


IN the Electrical Engineer of Jane, 1888, there is an 
excellent paper on galvanic batteries, their possibilities 
and limitations. There are numerous tables giving the 
calculated and observed electromotive forces due to 
various elements and liquids, &c., and among these 
the highest given for any combination is that due to 


magnesium combining with chlorine, namely, 3:1 volts. 3 


* Electrical Engineer. 


The calculated E.M.F. being 3:24 volts. The highest 
E.M.F. obtained with zinc is 2°2 volts when combining 
with hydrochloric acid. 

On looking over these carefally-prepared tables and 
considering their meaning, one would be quite likely 
to come to the conclusion that the ground had been go 
well worked over that it would be a waste of time for 
one to attempt, with common materials, to produce a 
cell that should be superior to those already known. Of 
course, if magnesium was commercially available so ag 
to be a competitor with zinc for battery purposes, much 
higher efficiency could be obtained, but if one has had 
to depend upon zinc and common reagents, there has 
not been anything to encourage him to think that any 
improvement was possible. 

For about 50 years we have had the (trove cell and 
the Bunsen cell (though I think that Silliman of Yale 
College used this form and described it before Bansen), 
these having electromotive forces of about 1°8 and 19 
volt, respectively ; and we have had the bichromate 
cell with 2 volts. 

Any considerable departure from these in the way of 
higher electromotive force was not to be expected. Elec- 
tricians will therefore be pleased to know of a galvanic 
cell nearly 50 per cent. better than either of those men- 
tioned. 1 examined this cell some time ago and 
announced finding an electromotive force of 2°87 volts, 
whereat one of the English electrical papers declared 
that it did not believe it. | 

As it was subject to the condition of obtaining a 
patent, it was at the time inexpedient to give the 
particulars about the cell. As that condition no longer 
obtains I give the directions for making such a cell, and 
anyone may verify the statement for himself. 

The zinc is put into a solution of sodium hydrate 
NaOH, and the carbon into a porous jar containing 
strong nitric acid, HNO,, and chromic acid, CrQ,, to 
which is added some common salt. The proportions 
of these are: To one-half a gallon of HNO, add one 
and a half pounds of CrO, and one pound of salt. The 
internal resistance of a cell depends upon its size, &c., 
and the above quantities are for a cell 12 x 12 x 9 
inches. The zincs being the equivalent of 24 rods half 
an inch in diameter, such as are in common use in 
Leclanché cells ; the carbons are the equivalent of 9) 
electric light carbons. 

That was the way these elements were disposed in 
the cells I examined. Such a cell had an internal 
resistance of about one-tenth of an ohm, and was 
capable of giving a current of 10 ampères. or more, all 
day. One such cell gave 10 ampéres for 30 hours con- 
tinuously, when its internal resistance was found to be 
but ‘13 ohm, and its electromotive force 2°32 volts. 

I have since that time measured such cells having 
2 9 volts. 

The chromic acid made from alkaline chromates is 
better than the ordinary, and that manufactured directly 
from the chromate of iron has been found to give 
decidedly better results than that ordinarily to be 
bought. The discoverers of this cell are Messrs. Ward 
and Sloan, of Boston, who hit upon it by a system of 
trials with various chemicals. Such a hotch-potch 
would not likely be suggested by any theory of things, 
and leads one tothink it may not be unlikely that other 
common stuff lying round may have in it the posél- 
bility of still further increasing the usefulness of the 
primary battery. 


The Royal Society.—The following paper, among 
others, was to be read last night :—H. Wilde, F.R.S., 
‘On the Causes of the Phenomena of Terrestrial Mag- 
netism, and on some Electro-mechanism for exhibiting 
the Secular Changes in its Horizontal and Vertical 
Components.” 


' #* The Possibilities and Limitations of Chemical Generators of 
Electricity.” By F. B. Crocker. A paper read before the Ame- 
rican Institute of Electrical Engineers. 
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ELECTRICITY IN THE AMERICAN NAVY.* 


By GILBERT WILKES, U.S. Navy. 


] HAVE taken as my title “ Electricity in the Navy,” 
and shall give in my paper the general conclusions 
derived from five years’ more or less intimate connec- 
tion with the application of electricity in our naval 
service. 

The electrical engineer has little to do with the 
placiog of the dynamo room, which is of necessity 
governed by the arrangement of the ship as a fighting 
machine. I shall, therefore, merely consider the power 
and apparatus of the plant, commencing with the 
engines. 

Both in this country and abroad compound con- 
densing engines have been used, some having separate 
condensers, some exhausting into the main condensers 
of the ship ; but the preference seems to be in favour 
of simple double acting, high speed engines, the reason 
being that the power used for electrical purposes is 80 
small in proportion to that of the main engines of the 
ship (only about an average of one per cent.), that the 
saving does not pay for the additional complication 
and cost. However, with a given plant, the engine 
should be constructed to allow little variation of speed 
under large changes of steam pressure, in order to take 
advantage of the main condenser when possible. 

In our service both horizontal and vertical engines 
are now in use, the preference in some cases being the 
result of the shape of the available space. No data has 
yet been obtained as to the most economical, type, but 
both are doing good service, the mishaps having been 
due to accidents. Of late years all of the engines put in 
for electric lighting have been high speed, the largest 
of about 25 horse-power and running at 400 revolu- 
tions. 

The important points in the consideration of a marine 
dynamo are :— 

1. It should be direct driven. The reasons are 
obvious, as not only is the space taken up by the 
belting valuable, but in a sea way the danger of 
running belts must be considered, especially when it 
is taken into account that naval vessels are fighting 
machines, and the possibility of accidents must be 
reduced to a minimum. 

2. It should be compact. This is a natural extension 
Even now it is difficult to find room for 
all the machinery, stores and ammunition, besides pro- 
Me room for berthing the crew on a modern man- 
of-war. | 

3. It should be free from liability to injury by salt 
water, and not too subject to mechanical damages. 

In this respect there remains room for considerable 
improvement, the latest dynamos now better filling this 
requirement than did the old “L” machine on the 
Trenton in 1883, the first dynamo afloat in our navy, 


and which ended its useful career in the great storm at 


Samoa last year, when it ran until the water had put 
out the fires under the boilers. 

On board ship salt water and damp air get every where, 
and within the last year a number of cases of slight 
burn-out have occurred in armatures, which, when in- 
stalled, measured high in the hundreds of thousands of 
ohms insulation. The dynamo should not be easily 
harmed. The dynamo room is now always low down 
in the ship, under the protective deck (if there is one), 
and when the light is not in use the room is very dark, 
rendering careful inspection difficult. 

4, The dynamo should have small effect upon the 
compasses. This point has received little attention, 
though it is a matter of great importance, as the effect 
on many vessels is so large that, in order to work up the 
day’s run, it is necessary to know the hours during 
which the dynamos have been in operation. Complete 
deviation tables are, therefore, necessary for the two 
cases. In different types of dynamos the effect with a 


* A paper read before the American Institute of Electrical 
Engineers, Boston, May 20th, 1890. 


at all loads. 


20 horse-power machine, at a distance of 12 feet, will 


vary from less than one-twentieth of the horizontal com- 
ponent of the earth’s magnetism to several times the 
strength of the horizontal component. The latter is, 
unfortunately, rather the rule than the exception, and, 
in consequenice, the position of the dynamo room has 
to be well borne in mind in locating the standard 


com pass. 

9. It should be easy in running, and require but little 
attention. The machine should be non-sparking, under 
constant load, and also be able to stand sudden large 
changes of load with little sparking. This is necessi- 
tated by the fact that the dynamos now supplied for 
incandescent lighting are also used for search light 
work, and the conditions are aggravated by most of the 
search lights having hand regulation only. Thus, with 
a 200 ampére machine, not only are from 50 to 100 


ampères thrown suddenly on and off, but, at the mo- 


ment that the operator at the projector brings the car- 
bons together, the dynamo is suddenly called upon to 
deliver over three-fourths of its total capacity. 

6. It should be efficient and run cool, the former in 
order to avoid the waste of energy and a corresponding 
amount of the coal supply, and also in order to avoid 
overheating. The dynamo rooms on ship board are, at 
best, warm, notwithstanding the motor fans, which are 
now usually supplied, and thus the safe limit of extra 
heating is reduced. At the same time consideration for 
the attendants requires that the cramped space be kept 
as cool as possible. 

7. The dynamo should maintain a constant potential 
This is, of course, accomplished by com- 
pounding, and, as there is only about 3 per cent. drop, 
it is usual to compound exactly, or to only overcom- 
pound enough to allow for the decrease in the engine’s 
speed with load. 

8. The dynamo should be light. The reasons are 
obvious, but it is considered last, because usually a 
careful study of the materials, and arrangement of the 
plant, can accomplish more towards reducing the total 
weight than the strict adherence to a specification of 
watts per pound of dynamo. Thus, consider the 
defference between the weight of a 40 horse-power 
ship plant on a five watts per pound specification and 
upon a four watts specification. Two 200 ampère, 
80 volt dynamos, with their share of the bed plates, 
will only weigh about 7,500 pounds. Twenty per cent. 
of this will be 1,500 pounds, an amount a large portion 
of which can really be saved in some cases by more 
careful attention to the amount of wire and molding 
employed. 

Naturally no one dynamo can best fill all of these 
conditions, and while the order in which they are above 
arranged will usually approximate to their relative im- 
portance, special cases arise which demand a re-arrange- 
ment. Thus, on torpedo boats, the most important 
quality is small size. With this in view, numerous 
devices have been placed upon the market and faithfully 
tried, but none have to my knowledge proved satis- 
factory. The requirements of high efficiency, low 
speed and low heating, all give way in this class of 
dynamo to the necessity of compactness and light 
weight. Good results were hoped for from the Parsons 
turbo-electric generator, but experience at Newport 
demonstrated that the turbine was so inefficient in its 
consumption of steam as to place its use out of the 
question. There is as yet no apparatus to satisfactorily 
fill this want. 

Up to the present all of our ship plants contain two 
or more similar sets, each composed of an engine and 
one direct driven dynamo. The larger of these are of 
200 ampéres capacity ; a very convenient unit, but one 
which can be doubled in capacity with advantage in 
ships which are not light below decks, and which are 
likely to soon have extensive motor application ; for 
example, vessels of the monitor type. 

The voltage in use in the navy is 80 volts, this having 
been fixed upon as a mean between the most efficient 
pressure for the incandescent system and the voltage 
necessary for the search lights, to which current is su] - 
plied by the regular service machines, The incandes- 
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cent lamps have given excellent results as to life from 
the very start, owing in great measure to the fact that 
low efficiency lamps are always used, nothing more 
economical than 4 watts per candle-power being usually 
required. 

Search lights of 50 volts and from 50 ampéres up are 
used, two or more being supplied, according to the size 
of the ship. Some of these are imported, others are 
made in this country. | 

The two wire system has always been used in the 
naval service, the ship never being allowed to form the 
return circuit. On account of the present beginning of 
motor work on board ship, and the future developments 
confidently looked for, the direct current has always 
been used. Motors have thus far been used only in 
driving small fans up to one-half horse-power, for hoists, 
and in one case a motor has been used for training one 
of the large guns—on the Chicago. There are numerous 
small engines about a man-of-war, varying from 1 to 
50 H.P. Some of the smaller ones might even now be 
replaced with advantage by electric motors, but it must 
be proved in each case that the motor not only does the 
duty as well as the engine it replaces, but also that it 
and any increase necessary in the generating plant take 
up less room and weigh less than the engine and its 
piping. This, of course, will always be the case where 
very small engines are replaced, and as the tendency is 
to increase the capacity of the dynamo plant, it may not 
be long before motors may look for a larger field on 
board ship. 

All circuits are water tight from dynamo to point of 
distribution, the cut-outs having stuffing boxes through 
which the lead covered wires enter. Even theswitches 
and attachment plugs for portables are required, in 
certain places, to be water-tight. 

One electrical application that presents many advan- 
tages on hoard a man-of-man, especially when on a 
foreign station, is electrical welding. However, when 
it is introduced on ship board, the pressure of the 
generator should be reduced to 80 volts, in order that 
in case of emergency it might be used for lighting pur- 
poser, while the welders should have several sets of 
adjustable clamps. Welding machines have not yet 


‘been actually used on ship board, but it is to be hoped 


that their introductionis a development of the near 
future. They cannot supplant any of the existing 
dynamos, owing to the necessity of motors, but must 


come in to occupy a place of their own, to almost 


entirely supplant the ship’s forge and add to the general 
useful equipment. 

Thus the man-of-war is the proper field for nearly 
every form of application of electricity, and when the 
storage battery becomes more suited to the service there 
required, there is no doubt that it too will come in for 
its proper share of usefulness. 

As to the naval work on shore in the electrical field, 
little need be said, 2s the practice at naval stations must 
be similar to that in ordinary commercial work. How- 
ever, a navy yard is an ideal place for the erection of a 
central station for light and power. The streets must 
be lighted ; closely grouped about the station are offices 
and large shops needing light in the dark afternoons, 
and power for motor work ; then in an outer approxi- 
mate semicircle lie the officers’ quarters ; finally, there 
are anchor chains to be welded, boiler tubes to be re- 
paired, and numerous other similar operations which 
can be better accomplished by the welder than by any 
other known means. This, in an ideal plant, will call 
for arc lights, incandescent lights, constant potential 
motors, a welding generator and welders. The complete 
combination will probably not be realised at any one 
place within several years, but a goud beginning has 
been made in the arc light plant recently installed for 
outside and shop lighting at the Washington Navy 
Yard, and the progressive plan adopted by the depart- 
ment leads us to hope that the shore stations will rapidly 
receive the benefits already enjoyed on ship board. 


-Owing to the usually close grouping -of the buildings, 


and to the demand for motors, it is probable that only 


‘in exceptional cases will the alternating current be used 


extensively. (ood use is already being made of small 


motors for drilling purposes at the New York Navy 
Yard, where several are in constant operation, having 
driven out the portable steam engine, countershafting 
and belting. 

The applications of electricity in the navy have 
always been on the increase, and anyone who has served 
one cruise with oil lamps and one with electric lights 
and motors, will understand the favour in which the 
increasing use of electricity is held by the naval man. 


NOTES. 


Electric Lighting at Fareham, — The Fareham 
Electric Light Company having entered into a contract 
with the Local Board to light the town by electricity 
for the space of three years, are pushing forward their 
arrangements with the view of having their installa- 
tion ready before winter. An eligible site has been 
obtained for a central station, and a building erected 
thereon from the plans of the secretary (Mr. Arthur 
Blake). which will afford every necessary accommoda- 
tion. Two dynamos will be used in the engine-room— 
one for arc and the other for incandescent lighting, and 
the motive power will be supplied by one of Ransome 
and Sims’s 80 H.P. engines. 


Wimbledon and the Electric Lighting.—At a public 
meeting held last week a resolution was passed by a 
large majority against the scheme of the Local Board. 


Electric Lighting in Spain.—Acting-Consul Witty, 
of Barcelona, reports that the city has been partially 
illuminated by electricity for some years past ; but the 
Spanish company that monopolised the work fell into 
financial difficulties during last year, and had to seek 
the aid of some experienced capitalists and electricians. 
The company has .been re-formed, an entirely new 
board of directors constituted, and with the addition of 
a considerable amount of British capital and energy, it 
is hoped that it may now do good work in Barcelona. 


A Really Great Invention.—We read that a Boston 
man has invented a lever apparatus, by means of 
which the keyboard of a piano may be discon- 
nected from the strings and become mute, although 
the original touch is. still maintained. Here, says 
a contemporary, lies the value of the invention; 
but we should say that the touch matters not in the 
majority of households so long as no sound is to be 
heard. There is but little doubt that the new-fangled 
piano, which has an electric bell attachment for use 
whenever required, will prove of inestimable value in 
every household where music is cultivated, for what 
has hitherto been to the majurity of listeners a painful 
ordeal can inthe future be borne with equanimity. More- 
over, conversation, which at fashionable gatherings 18 
so frequently curtailed by music, can now be carried on 
uninterruptedly. 


City of London and Southwark Subway Bill.—A 
Select Committee of the House of Lords, on ‘Tuesday, 
presided over by Lord Belper, passed tho Bill, which 
has already been sanctioned by the House of Commons, 
authorising the City of London and Southwark Sub- 
way Cumpany to extend their line, now in course of 
completivn, from its present terminus at Stockwell to 
Clapham Common. ‘The clause for the protection of 
the National Telephone Company is retained. For the 
purpose of carrying out this extension of seven furlongs, 
nine chains, the company are empowered to raise 
£200,000 additional capital, and to borrow in respect of 
that capital the sum of £50,000. The name of the 
company is changed by the Bill into the “City and 


South of London Railway Company,” and an extension 


of time is granted within which to complete the con- 
struction of the original line. 
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. Smoke Annihilated.—Mr. Samuel Elliott, of New- 
bury, claims to have devised an apparatus by the 
adoption of which the smoke nuisance will cease to 
exist. The process removes from the prodncts of com- 
bustion all the black carbonaceous matter of coal 
smoke, and a remarkable and important thing is tho 
entire absence of sulphur in any form after the dense 
volumes of smoke generally seen issuing from chimney 
shafts have been forced into the “annihilator.” We 
hope to give in our next issue further particulars of 
= — for which such wonderful results are 
claimed. 


The Institution of Electrical Engineers.—Meetings 
will be held in Edinburgh on the 15th, 16th and 17th 
of July, when papers will be read by members. The 
rule which forbids the reporting of the proceedings 
will on this occasion be relaxed. We understand that 
the President, being desirous of rendering the Annual 
Conversazione especially attractive, hoped to be able to 
hold it in a new locale. Every preparation had been 
made in anticipation of that arrangement, which has 
however fallen through, and it being now too late in 
the season to make any other, the soirée will be postponed 
until after the recess. 


The Telegraph Conference.—A luncheon was given 
on Tuesday at the Hotel Continental in honour of the 
Minister of Commerce by the Delegates of the Tele- 
graphic Companies who are taking part in the Con- 
ference here. Sir John Pender, chairman of the 
Eastern Extension Telegraph Company, presided. 
There were nearly 200 present, and they included the 
Marquess and Marchioness of Tweddale, Sir James 
Anderson, Sir E. Blount, the Comte de Lesséps, Sir F. 
D. Bell, Agent-General for New Zealand, Colonel 
Mallock, Tigrane Pacha, Mr. Condie Stephen, of the 
British Embassy, and Mr. J. C. Lamb. In proposing 
the health of the Minister of Commerce, Sir John 
Pender spoke in terms of warm appreciation of the 
courtesy shown by M. Jules Roche to the members of 
the Conference. He then dwelt upon the important 
work now being done by the Telegraph Companies in 
bringing all parts of the world into cioser communica- 
tion. Eventhe Dark Continent of Africa, he remarked, 
had at length been brought into hourly communication 
with the most distant parts of the earth. The exten- 
sion of telegraphy was a mission of peace, fostering the 
friendship and goodwill of nations. It would seem, he 


said, that Providence had created this great power to 


meet the requirements of humanity. M. Jules Roche 
replied. Sir John Pender also gave the toasts of Presi- 
dent Carnot, the Queen, other crowned heads, and Pre- 
sidents of Republics, all of which were drunk with 
enthusiasm. 


New Signal Station and Cable.—In a letter written 
to the Standard in September, 1886, Sir E. Watkin 
pointed out the pressing necessity which existed for 
connecting Tory Island with the mainland of Ireland 
by means of a telegraph cable. We are glad to see 
that the matter has now been taken seriously in hand 
by the Committee of Lloyd’s. A bill was passed some 
time ago, under the provisions of which Lloyd’s 
have been able to acquire the land requisite for 
the establishment of a signal station on the island. 
The necessary cable has been manufactured and will 
shortly be laid by the Silvertown Telegraph Company, 
who, we understand, have also undertaken the main- 
tenance of this line. 


Gutta-Percha.—In the annual account of produce, 
exports, and imports from Sarawak, we learn that in 
the year 1889 the quantity and value of gutta-percha 
exported exceeded the quantity and value exported in 
any year since 1882. ‘The figures for 1888 show a 
weight of 201,200 pounds, value £15,490 124. 34. 
giving an average price of 1s. 64d. per 1b., while during 
the year 1889 the total amount exported was 266,133 1bs., 


valued at £35,637 6s. 3d., or an average of 23. 8!d. per lb. 


The India-rubber exported in 1889 was valued at 
£9,610 2s., as against £10,485 7s, 9d. in 1888. 


J, E, H, Andrew and Company.—The makers of the 
Stockport gas engine have submitted to our notice a 
gratifying testimonial from Sir W. C. Leng & Co., of 
the Sheffield Daily Telegraph, who have had put down 
in their machine-room a pair of 14 H.P., nominal, 
dable-acting gas engines of this make. The engines 
afford power for running five web printing machines 
at fall speed, the double-acting ends of the engines 
enabling them to run 6, 12, 18 or 24 horse-power, 
according to the demand upon them. The testimonial 
also says that the engines run smoothly, are practically 
noiseless, and the exhaust being broken into four 
different and distinct explosions is almost imper- 
ceptible. 


Cable Laying.—The first Imperial mail steamer to 
Zanzibar will sail from Hamburg on the 2rd inst. 
The laying of the cable from Zanzibar to Bagamoyo and 
Dar-es-Salaam will be completed shortly, and there 
will then be direct telegraphic connection between 
Germany and her East-African possessions. 


Woodhouse & Rawson.—Messrs. Woodhouse and 
Rawson, United, Limited, have received a First Award 
of Merit for their show of electrical apparatus at the 
Exhibition at Danedin, New Zealand. 


Mix & Genest.—The well-known Berlin firm of 
Messrs. Mix and Genest having recently determined 
upon taking steps with the view of further develop- 
ing their business in this country, are fitting up a 
branch-establishment and show-rooms at 34, Alder- 
manbury, where in future stock will be kept of the 
large variety of electrical goods that are turned out at 
their manufactories. They have also fitted up works at 
Bow, with modern and improved appliances to enable 


them to meet all requirements of an urgent character | 


without communicating with Berlin. The London busi- 
ness is conducted in the name of the International 
Electric Company. A preliminary price-list is now 
ready, to be followed by a newand complete catalogue 
shortly. 


Ewen & Co.—Messrs. Ewen & Co., of 37, Walbrook, 
who act as London agents for Messrs. Charlesworth and 


Hall, of Oldham, also give attention to the require- — 
ments of electrical engineers in the matter of boilers © 


for central station and other installations. 


Automatic Electrical Call Box.— Tne following — 
letter has arrived too late for our correspondence | 


columns :—“ The prominent notices of an ‘automatic 
electrical call box’ and a ‘ peace-making binding post,’ 
given in your issue of last week, would lead the un- 
initiated to believe that these improvements are now 
made for the first time. Allow us to say that we have 
for some time past been using a ‘ terminal’ or “binding 
post,’ with a head so madeas to defy a friendly removal ; 
and with regard to the automatic call box, we are suro 


that when the patents do expire, it will be found that | 


very many such instruments will be brought forward. 
Their name is legion. We believe that.we are correct 
in saying that at the present time nearly every large 


town in England, and also in Scoliand, has call boxes | 


working satisfactorily. We would be pleased to submit | 


to you, or to any enquirer, a patented one of our own, 
which we consider answers all the purposes, found by 
experience to be needful in a telephonic system.—Con- 
SOLIDATED TELEPHONE CONSTRUCTION AND MAIN- 
TENANCE COMPANY, LIMITED.” 


Winding Up a Liverpool Company.—In the Chancery 
Division, this week, a petition was heard for an order 
for a compulsory winding up of the Automatic Electric 
Railway Signal Company, Limited, whose registered 
office is at Liverpool. ‘The petitioners were Blakey, 
Emmott & Cv., whose claims amoanted to £1,000. The 
company has already gone into voluntary liquidation, 


but, after hearing counsel, his lordship ordered that | 
the winding up be continued under the supervision of | 


the court. 
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Underground Conduits.—The system adopted by 
the Brooklyn (U.S.) Company, of connecting their 
underground conduits with ventilating shafts, and thus 
allowing a free current to pass through the system, has 
continued to work well, and free the pipes from gas. 
We learn now that Chicago has “ caught on,” and that 
the City Surveyor has had a connection made between 
the electric lighting conduit system and the chimney 
of the works, the result being that the conduits are 
now kept free from gas, and explosions, which at one 
time were very frequent, no longer occur. This 
remedy, as we have previously pointed out, is ex- 
tremely simple, and deserving of attention in this 
country. 


Cable for West Coast of South America.—We learn 
that the Silvertown Telegraph Company is manufac- 
turing about 1,750 miles of cable for the Central and 
South American Telegraph Company. This cable will 
be laid on the West Coast of South America, con- 
necting Valparaiso direct with Iquique, and Iquique 
with Lima. 


Telephone Communications with Anchored Vessels, 
—Experiments are to be made at Havre of telephoning 
between vessels at anchor and the town. As soon asa 
vessel arrives in the roads it will be connected to the 
municipal telephone lines. In this way the captain 
and passengers can immediately enter into communi- 
cation with the merchants of Havre and even of 
Paris. 


Electrical Section London Chamber of Commerce.— 
A meeting of the electrical trades section of the 
London Chamber of Commerce was held on Monday 
at the offices, Botolph House, Eastcheap, Mr. R. E. 
Crompton in the chair. The committee recommended 
the reappointment of Mr. Trotter as correspondent, pro- 
viding the Council continue to supply half of the 
salary, and that the remainder of the salary be ob- 
tained by subscription among the members. The 
question of overhead wires was discussed, apropos of 
the regulations prescribed by the Board of Trade under 
the provisions of the Electric Lighting Act, 1888, “ for 
the protection of the public safety and of the electric 
lines and works of the Postmaster-General, and of 
other electric lines and works.” Special reference was 
made, and objection taken, to Clauses 9 and 12 of the 
regulations, relating to the insulation, &c., of cables 
and the suspension of conductors ; and the chairman 
expressed his belief that if the requirements of the 
Board of Trade were enforced they would prove prac- 
tically prohibitory of the work in the future. The 
question was therefore of universal and supreme im- 
portance to the trade. Eventually, on the motion of 
Major Flood-Page, seconded by Mr. R. S. Erskine, the 
following resolution was passed :—“ That this meeting 
of the electrical trades section of the London Chamber 
of Commerce, feeling that if the Board of Trade insist 
upon their decision with regard to cables, as announced 
in their letter of the 30th ult. to Messrs. Crompton and 
Co., it will be detrimental to the interests of the elec- 
trical trade without providing additional protection to 
the public, earnestly solicits the Board of Trade to 
give their favourable reconsideration to Articles 9 and 
12 of the rules and regulations for overhead wires, 
with a view to their decision being modified.” We 
have been asked to call attention to the proposed 
electric launch water party on July Sth. Official 
circulars so often get thrown on one side that we are 
pleased to accede to the request. It is rumoured that 
although the price of tickets does not include wine, it 
does not follow that thirsty souls will be under the 
necessity of landing to get drinks, as energy will be 
stored otherwise than in accumulators, and will be 
available, at various efficiencies, in units of the bottle. 


The catering will be done by the Army and Navy Stores, 


a sufficient guarantée that it will be well done. Gentle- 
men desirous of “squirming,” “ohming,” or “ volt- 
ing” up the Thames should make application for 
tickets at once, | 


Morgan’s Electric Police Signal System.—A practical 
demonstration of this system, which was described in 
our issue of the 7th March last, is about to be made in 
the south-west of London ; permission has already been 
obtained for the erection of thirteen signal lamp-posts, 
which will be connected by underground wires with 
the central depôt at one of the police stations. The 
apparatus is being made in Newhaven, and will shortly 
qu received in London, when operations will at once 

egin. 


Fatal Electric Wire Accident.—The daily papers 
record another fatal electric wire accident at Norris- 
town, Pennsylvania, last week. A man accidentally 
trod upon an electric light wire, which had been blown 
down by a storm, and was instantly killed. 


The Telegraph Congress.—The correspondent of the 
Morning Post hears that the International Telegraph 
Congress has decided that the following reductions 
should be made in the telegraph tariffs between Great 
Britain and the following countries :—Austria-Hungary, 
from 43d. to 3d.; Switzerland, 34d. to 3d. ; Denmark 
and Norway, 4d. to 3}d.; Sweden, 5d. to 4d.; Spain 
43d. to 4d. ; Portugal, 54d. to 44d. ; Russia 64d. to 53d. 
Between Great Britain and Germany, Belgium, Holland, 
and France no change in the tariff has been resolved on. 


Practical Electrical Engineering.—This monthly 
work seems to be in labour. A notice attached to the 
last issue says : —“ The present number, instead of being 
part III., vol. I., is part X., and forms the first part of 
vol. II.” We have already referred to the illustrations 
in the first number as being quite unconnected with 
the text, so if part IV. turns out to be part XI. readers 
will get hopelessly mixed. A friend says this 
method of publication is illogical, but perhaps he is 
hypercritical. 


Telephonie Progress in the West.—The number of 
subscribers to the telephone exchange, established by 
the Western Counties and South Wales Telephone 
Company, in Plymouth, Devonport and Stonehouse, 
now amounts to 290, an increase of 13 since January 
last. With the object of increasing their trunk line 
business the company have reduced their toll charges 
for messages to Torquay, Newton, Dartmouth and 
Brixham, from 9d. to 6d. per three minutes, The trunk 
service between Mutley and Plymouth has been dupli- 
cated, and the same course has been taken with regard 
to the lines between Plymouth and Devonport. The 
Royal Albert Hospital, at Stonehouse, has also been 
connected with the system free of charge. 


The Institution of Civil Engineers.—The following 
awards have been made for communications submitted 
during the past session:—The Manby Premium to 
William Paul James Fawens, and to E lward Woodrowe 
Cowan, Assoc. MM. Inst. C.E., for their joint paper de- 
ecriptive of “The Keswick Water-power Electric Light 
Station ;” the Miller Scholarship to Charles Frewen 
Jenkin, B.A., Stud. Inst. C.E., for his paper on “ Some 
Applications of Electricity in Engineering Work- 
shops ;” a Miller prize to Charles Henry Wordingham, 
A.K.C., Stud. Inst. C.E., for his paper on “ T'elephonic 
Switching.” 


Contracts with Foreigners,—A parliamentary paper 
has been published giving a return of all contracts for 
articlesof home manufacture bet ween the lst day of April, 
1889, and the 31st day of March, 1890, with contractors 
outside the kingdom. The contracts entered into thus by 
the Admiralty were for carbons for electric light, £228 ; 
Mangin mirrors for electric light projectors, £11,230— 
total, £11,464. The only other department which 
entered into such contracts was the Post Office, which 
in this manner spent £1,016 on Hughes’s telegraph in- 
struments. 3 
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Conversazione,—A conversazione was given on Wed- 
nesday night, in the rooms of the Royal Society, by 
the President, Sir G. G. Stokes, Bart., M.P., L.L.D. 
Many interesting exhibits, lent by various members of 
the Society, were to be seen, and a lecture by Dr. 
Fleming excited great interest. 


A Distinction and a Difference.—The New York 
Electrical World says :—Some few weeks ago we pub- 
lished a report from Mr. Mordey stating that the great 
alternating central station at Deptford disturbed the 
telephones in Paris. The statement seemed a marvel- 
lous one, hardly credible in view of previous experience 
in this country ; but as it was given on the authority 
of one so well versed in such matters as Mr. W. H. 
Preece, a request was sent t» that gentleman to give 
the facts in the case for the benefit of the electrical 
fraternity here. He has kindly responded, and states 
that Mr. Mordey somewhat misunderstood the action 
that really took place. The cables from the Deptford 
central station, carrying at the present time alternating 
current at a potential of 3,700 volts, pass quite near the 
London telegraph system, more especially the circuit 
from London to Rome vid Paris. The telegraph service 
was frequently greatly disturbed, currents of as much 
as 18 milliampères having been detected on the lines, 
and the London-Rome circuit was rendered almost 
useless. A telephone placed in this circuit at Paris 
gave ready evidence of the alternations at Deptford. 
The Paris telephone system, it will be seen, was not 
disturbed, although a telephone inserted in the line in 
question as a test instrament gave clear evidence of 
the interference. The amazing statement made by Mr. 
Mordey is therefore not borne out by the facts, although 
the trouble from the alternating current was and is very 
great. 


Telephonie Inter-communication between Towns.— 
The District Manager, at Manchester, of the National 
Telephone Company has favoured us with an advanced 
proof of a new map, showing the telephonic connec- 
tions between the chief centres of industry in the 
North of England. Within the next few months it is 
hoped to have all these towns connected with the City 
of London and with the chief places in the south of 
England. | 


The Telephone.—It will be remembered that at 
the opening of the Telegraphic Conference now being 
held in Paris M. Roche, Minister of Commerce, 
claimed for M. Charles Bourseul, a Frenchman, for- 
merly employed as a clerk in the Adminstration of the 
Posts and Telegraphs, the honour of having formulated 
the principle of the telephone 20 years before its in- 
vention. M. Bourseul retired from the public service in 
1886, and has since then been living at Cahors. Sum- 
moned to Paris by M. Jules Roche, M. Bourseul has just 
been entrusted by the Minister with the task of seeking 
what improvements can be made in the telephone as it 
exists at present. ; 


Personal,—The partnership which existed but one 
year between Messrs. Paget & Kintner, electrical 
experts and patent agents, of New York, has been dis- 
solved, and Mr. Kintner will continue to carry on the 
business in his own name. The last-named gentleman 


_ Was well known to our readers shortly after the 


ELECTRICAL REVIEW assumed its weekly form. 


NEW COMPANIES REGISTERED. 


_ Kent Patent Are Lamp Company, Limited,—Capital 
£10,000, in £5 shares. Objects : To acquire certain in- 
ventions in connection with electric lighting, upon 
terms of an unregistered agreement between John 
Kent and Arthur Salter. Signatories (with one share 
each) : H. Steinberg, 45, High-street, S.E. ; A. Salter, 


9 and 10, Railway Approach, S.E.; R. Dyson, 15, 
Australian Avenue; C. Willson, 6, Upper Woburn 
Place; J. G. Cornwall, 21, Portland Place, Clapham 
Road; W. Ironside, 1, Gresham Buildings; H. P. 


Gyles, 9, Warwick Road, Anerley. The signatories — 
will appoint the first directors ; qualification, £100 in — 


shares or stock. Registered 13th inst. by Leslie, Antill 
and. Arnold, 1, Gresham Buildings. Registered office, 
9 and 10, Railway Approach, London Bridge. 

Baxters, Limited.—Capital £30,000, in £5 shares. 
Objects: To carry on business as general, mechanical, 


manufacturing, civil, marine and electrical engineers. | 


Signatories (with one share): *F. U. Baxter, 53, High- | 
bury Park ; Mrs. F. U. Baxter; *A. W. Baxter, Notting- | 
ham; Miss J. G. Baxter; and *C. H.. Baxter, Sandi- | 
acre, Nottingham; G. Franklin, Sheffield; A. H. | 


Atkins, 23, Bouverie Street. The signatories denoted 
by an asterisk and Mr. S. B. Baxter are the first 
directors. Qualification, two shares. Registered 16th 
inst. by A. H. Atkins, 23, Bouverie Street. 

office, Sandiacre, Derby. | 


OFFICIAL RETURNS OF ELECTRICAL 
| COMPANIES. 


Darand Electric, Petroleum and Gas Engine Com- 
pany, Limited,—An agreement of 11th March, filed on 
the 5th inst., relates to the purchase by the company 
from Wm. Forsyth Black, of 4, King William Street, 
E.C., a certain patent right, and also the business carried 


Registered 


on by Monsieur Eugene Durand at 168, Avenue Victor © 


Hugo, Paris. 
United Kingdom is £100 in cash or fully paid shares, 
and for the property out of the United Kingdom, 
£89,900, payable as to £15,000 in cash, shares, or de- 
bentures ; and as to £74900, in fully paid shares. 
Registered office, 175, Strand. 


- Sunbeam Lamp Company, Limited.—The annual 
return of this company, made up to the 13th March, 
was filed on March 25th. The nominal capital is 
£25,000, in £10 shares ; 2,204 shares are taken up, and 
the full amount has been called thereon, 2,000 shares 
being considered fully paid. The calls paid amount to 
£1,535, and unpaid to £595. 


Iadia-Rubber, Gutta-Percha and Telegraph Works 
Company, Limited.—The annual return of this com- 
pany, made up to the 28th February, was filed on the 
23rd April. The nominal capital is £812,000, in £10 
shares. 41,600 shares are taken up, and the full amount 
has been called thereon, the calls paid amounting to 
£416,000. 


Brighton Electric Light Company, Limited.—The 
annual return, made up to the 9th inst., was filed on the 
12th inst. The nominal capital is £100,000, in £5 
shares. 3,000 shares are taken up, upon 1,400 of which 
the full amount has been called, and upon 1,60) the 
sum of £1 53. per share has been called. 1,690 shares 


The consideration for property in the © 


are considered as paid up to the extent of £6,000. The | 


calls paid amount to £9,000. 


Telpherage Company, Limited,—At an extraordinary | 


general meeting of the members of this company, held 
at Winchester House on the 23rd ult., it was resolved 


to wind up voluntarily. The resolution was confirmed : 


on the 10th inst., and duly filed on the 12th inst. 


TRAFFIC RECEIPTS. 


The Brazilian Submarine Telegraph Company, Limited. The traffic receipts for 
the week ended June 13th, amounted to £1,571. | 

The Western and Brazilian Telegraph Company, Limited. The receipts for the week 
ending June 13th, after deducting the fifth of the gross receipts payable to 
the London Platino-Brazilian Telegraph Company, Limited, were £3,543. 

West India and Panama Telegraph Company, Limited. The estimated traffic receip 
for the half month ended the 15th June, are £3,254, as compared w 
£3,134.in the corresponding period of 1889, 
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SHARE LIST OF ELECTRICAL COMPANIES. 

l'resent Closing losing Business done 

June 12). (une 193 during week ending 
£ ‘Highest, | Lowest, 

250,000 | African Direct Telegraph, Ltd., 4 p. c. Deb. — _— Bearer 98 —101 99 —102 DE | 

1,549,160 | Anglo-American Telegraph, Limited vs 50}— 51} 50 — 51 
2,725,420 Do. do. 6p.c. Preferred . is de eee abe 87 — 88 86}— 87} 87 863 
2,725,420 Do. do. Deferred ... pail she a 154— 16 144— 15} 15,7 15} 

130,000 | Brazilian Submarine Telegraph, Limited .. ‘ 113— 12} 11}— 12} 122 12 
99,000 Do. do. 5 p. c. Bonds.. 101 —103 101 —103 
75,000 Do. do. 5 p. c. 2nd Series, repayable June, 1996 106 —109 106 —109 
63,416 | Brush Electric Engineering Ordinary, Nos. 1 to 63,416... —... 24— 25 24— 28 23 23 
63,416 Do. do. Preference, Nos. 1 ta 63,416 1gj— 24 1j— 2 

224,850 | Consolidated Telephone Construction and Maintehance, Ltd. . \— i— à 
20,000 | Crompton & Co., Limited, 7 p. c. Pref. Shares, Nog 1 to 20,000 5}— 53% 5}— 53 
16,900 | Cuba Telegraph, Limited 119— 12} 12 — 12} 12} 

000 Do. do. 10p.c. Preference 173— 18} 17 — 18 174 17 

12,981 | Direct Spanish Telegraph, Limited es only paid) a ae 
6,090 Do. do. 10 p. c. Preference aie 9 — 10 9 — 10 98 91 
60,710 | Direct United States Cable, Limited, 1877 103;— 10% 10i— 103 105, | 10} 

400,000 | Eastern prune) Limited, Nos. 1 to 400,009 134— 14} 14 — 14} 143. 14 
70,000 Do. 6 p. c. Preference 15 — 15} 15 — 15} 

200,000 Do. 5 p. c. Dehs. (1879 issue), repay. Aug. , 1899 108 —111 108 —111 109 1083 

1,290,000 Do. 4 p. c. Mortgage Debenture Stock ... 107 —110 105 —108 106} et 

250,000 | Eastern Extension, Australasia and China Telegraph, Limited 13i— 143 |: 143— 143 14} 14! 

320,000 Do. Gp. c. Debentures, repay. February, 1891  … 101 —103 101 —103 i035 | 1013 

446,100 Do. 5 p. c. (Aus. Gov. Sub.), Deb., 1900, red. ann. drgs. 103 —106 104 —107 
12,500 Do. 5 p. c. Debentures, 1890, redeem. ann. drawings 103 —106 103 —106 103 

367,900 | Eastern and South African Tel., Ltd., 5 p. c. Mort. Deb., 1900... 102 —105 102 —105 1043 
19,900 | *Electricity Supply Co. of Spain, Nos. 101 to 20,000... 4$— 5} 43— 65} 

46,700 | Elmore’s Patent Copper Depositing, Ltd., Nos. 23,001 to 70, 000 4$— 5} 5i— 6 G 54 
19,700 | Fowler-Waring Cables, Nos. 301 to 20 000 (83 only paid) 2}— 2} 2j— 2} 

180,227 | Globe Telegraph and Trust, Limited os eee 81— 94 8i— 94 9 82 

180,042 Do. do. 6p.c. Preference 144— 153 14§— 15; 144 
150,000 | Great Northern Tel. Company of Copenhagen ... 153— 16 15;— 16} 16} ad 
40,900 Do. ra 5 p. c. Debs. (issue of 1881) 102 —105 102 —105 

250,009 Do. do. (issue of 1883)  … 104 —107 104 —107 

9,334 | Greenwood a np Ltd. Ordinary, Nos. 4,667 to 14,000 ... 12 — 13 12 — 13 
5,334 Do. Preference, Nos. 2,667 to 8,000 11}— 12} 124 
41,600 India-Rubber, “Guita-Percha and Telegraph Works, Limited . 193— 20} 19 — 20 20! 194 

200,000 Do. 43 p. c. Deb., 1896... 103 —105 103 —105 
17,000 Indo-European Pres. Limited... 37 — 39 37 — 39 
38,348 | London Platino-Brazilian Telegraph, Limited és 6 — 6 — 

109,000 Do. do. &. 6 p. c. Debentures — 107 —110 107 —110 
49,900 | *Metropolitan Electric Supply, Limited, Nos. 6,101 to 50, 000 .. | 5ij— 5} 5i— 5} 

386,875 | National Telephone, Limited, Nos. 1 to 386,875 ... ona eee | 5$— 6 53— 6 6 513 
49,825 Do. New Nos. 386,876 to 436, 700 eee 53— 6 5j— 6 54 
15,000 Do. 6 p. c. Cum. Ist Preference .. 125— 13 12;— 13 124 di 
15,000 Do. 6 p. c. Cum. 2nd Preference (£8 only paid) 10}— 103 10;— 10} 103 103 

220,000 | Oriental Telephone, Ltd., Nos. 80,001 to 300,000 (11/- only paid) j— à j— à : 

9,000 | Reuter’s, Limited 7i— 8: 7i— 8) 
209.750 mea of England Telephone, Ltd., “Ordinary, Nos. 1 to 2 ,000, Sais ER | 
2,501 ‘to 3,500, 93,251 to 300,000 
20,000 Do. 6p.c. Cum. Pref., Nos. 1 to 20,000 (£34 only paid) 33— 3 33— 35 | 
3,381 | Submarine Cables Trust os 112 —116 112 —116 114; be 
78,949 | Swan United Electric Light, Limited : (23h ot only paid) 5j— 5} 5i— 53 5} 5} 
37,350 | Telegraph Construction and Maintenance, Limit 44 — 46 44 — 46 45 445 

150,000 Do. do. do. 5 p. c. Bonds, red. 1894 101 — 104 101 —10}4 
55,000 | United River Plate Telephone, 44— 5 
146,000 Do. do. 5 p. c. Debenture Stock...  .…. 90 — 94 90 — 94 
100,090 Do. do. 7 p. c. Debs., Nos. 1 to 1 ,000 
15,609 | West African Telegraph, —- Nos. 7, 501 to 23,109 .. 9 — 10 93— 105 
300,000 do. 5 p. c. Debentures a 99 —102 99 —102 100; 99 
30,000 | West Coast of America Telegraph, Limited oe eee Gi— 7 63— 7 7 613 
150,000 Do. do. do.:  8p.c. Debs, repay. 1902... 111 —116 111 —116 113} | 112} 
64,572 Western and Brazilian Telegraph, Limited + 9$— 10} 10 — 10} 10;;' 10° 
26,986 Do. do. do. 5p.c. Cum. Preferred .. Gj— 6% 6i— 63 See 
26,986 Do. do. do. 5p. c. Deferred .. 4 3i— 4 | à 
200,000 Do. do. do. Gp.c. Debentures “A, ” 1910. 106 —109 106 —109 107 
250,000 Do. G p. c. Mort. Debs., series “ B”’ of ’80, red. Feb., 1910 104 —107 104 —107 
88,321 | West India and Panama Telegraph, Limited... 23— 25 23— 25 21 2; 
34,563 Do. do. do. G p. c. Ist Preference 11 — 114 11 — 114 114 114 

4,669 Do. do. do, G p. c. 2nd Preference  …. 12}— 13} 124— 13; 
1,336,000 Western Union of U.S. Tel., 7 p. c. lst Mort (Building) Bonds’ 120 —125 120 —125 

179,300 Do. do. Gp.c. Sterling Bonds ... 99 —101 

42,853 |*Westmmstr. Elec. Sup. Corp., Ord., Nos. 101 to 42,953 (£2 only paid) 1}— 2} 13— 2} 


* Subject to Founders Shares. 


LATEST PROCURABLE QUOTATIONS OF SECURITIES NOT OFFICIALLY QUOTED. 


Slackpool Electric Tramway Company, Limited, £10 (£6} paid), 71—73.—Electric Construction Corporation (£10 paid), 9}—10}. 
—House-to-House Company (£5 paid), 5—5}.—London Electric Supply Corporation, Ordinary (£5 paid), 23—23.—Manchester 
Edison and Swan Company, £9, (£1 paid), 11/- —12/-. 


BANK RATE or Discount.—3 per cent. (17th April, 1899). 
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' SINGLE AND DOUBLE TROLLEY WIRE 
SYSTEMS FOR ELECTRIC RAILWAYS.* 


On Monday evening, April 28th, Mr. George W. Mansfield, engi- 
neer of the railway department of the Thomson-Houston Electric 
Company, read a paper on the above subject, which we print here- 
with in full :— 


In addressing you this evening on the subject of “Single and 
Double Trolley Wire Sytems for Electric ilways,”’ shall 
endeavour to precisely place before you the advantages and disad- 
vantages of each system. The other day while studying over the 
sul ject, the following questions arose in my mind :—Why should 
I spend any time whatever in discussing the two systems? Is it 
necessary ? Ifso, why? I think my telephone friends here could 
answer that question perhaps. 

I read Mr. Denver’s paper with mingled pain and pleasure— 

in on account of his sufferings, and yet pleased to learn, clear at 
the end of the paper, that he had a remedy. The antagonism of 
the telephone companies to the single wire system has become uni- 
versal and their love for the double wire system proverbial. This 
opposition has provoked much discussion and led to deep thought. 
My own thinking and experience has forced me to the solid con- 
viction that for an efficient electric railway system which can be 
universally used, the single trolley wire is the only one to be con- 
sidered. Being, then, of this conviction, the time I spend upon 
the double trolley wire system is purely educational for my dear 
friends in the telephone companies, and I trust I merit their 
hearty applause, since they all tell me they want electric railways 
and the best. 

The principles involved in the construction of a single trolley 
wire system are familiar to you all. You know that it can be 
done successfully and is done successfully. Do you or does anyone 
know that undér all the conditions under which the single trolley 
wire works successfully, the double trolley system will also work 
successfully ? 

If the difficulties with the single system have all been over- 
come and those of the double system have not, let us consider 
what we must take into account to make the latter equal the 
former. | 

With the double system the weight of the second wire, the in- 
sulators, frogs, crossovers, &c., the double liability of sleet and ice 
accumulating on the two wires, and the high winds, all necessi- 
tate larger and stronger poles and stronger span, pull-off and 
anchor wires, &c. This increase in size and number of wires 
means additional unsightliness, a larger original outlay and an 
increased expense for maintenance. 

One of the chief tronbles which an electric railway has to con- 
tend with is to keep its trolley wire free from snow and ice durin 
the winter months. Prompt and energetic action, with a owes | 
trolley wire has saved the single trolley roads from any serious 
delay. If these same roads had had two wires to clean, I have no 
question but that their service would have been seriously impaired, 
if not entirely stopped. 

I do not think that the question of traction is one of any serious 
moment. The rails must be cleaned for adhesion and for the cars 
to keep on the track irrespective of whether the single or double 
trolley wire system is used, and as they are get-at-able they are 
comparatively easily taken care of. It is simply a question cf 
management, muscle and salt and with improved electric sweepers 
and ploughs, there never need ‘be any great difficulty in keeping the 
cars running on schedule time. The problem, however, of cleaning 
sleet frozen to a trolley wire placed 18 feet above ground in a large 
city or even on a country road is a most annoying and troublesome 
one. 

One, it not the greatest difficulty, which would have to be 

overcome with the double trolley system, is the liability to leakage. 
The two wires hanging side by side upon the same span wire 
need the best of insulators. Considering all the atmospheric con- 
ditions and the possible accumulations of sleet and snow, it un- 
questionably would be more difficult to maintain good insulation 
between the two wires than it is between the single wires and 
the ground. With the latter system you have far yreater oppor- 
tunities to introduce additional insulation. It cah be cut ioto the 
span wire or placed on the pole, whether it be of iron or wood. 
_ So far the under-running double wire roads have had the wires 
placed either 6 inches or 18 inches apart. The Daft roads employ 
the former distance, while the Thomson-Houstog Company in its 
attempt at Cincinnati used the latter distance. Both methods 
have their objections. If the wires are placed too near, strong 
winds may swing them together, causing short circuits. In one 
place the short circuit,was so heavy that the wires were melted and 
fell into the street. With the wires farther apart, plainly this 
trouble would not exist. With the wires close together a single 
trolley arm can be used, but a double trolley fork and two 
wheels are necessary. These wheels must be thoroughly insulated 
whether they rotate upon a separate or upon the same spindle. 
‘The maintenance of an insulation sufficient to withstand 500 volts 
under such conditions is surely not an easy task. 

With the wires further apart the necessity of more than one 
frog at the crossings and turnouts is necessary, which is objec- 
-tionable, and more than one trolley arm would have to be used. 
The maintenance of these trolley arms, the difficulty of keeping 
them on the wires, and their weight upon the roof of the cars 


* Modern Light and Heat. 


are all serious objections. In the single 
of weight, insulation of trolley whack, 
enter. 

Another serious objection to the double system is in the over- 
head switching. The placing of overhead frogs even on the single 
wire system requires the greatest exactitude and care, so much so 
that on many roads it has been found necessary to train a special 
gang of men to place and look after their adjustment. The expan- 
sion and contraction of the wires and the giving and taking of the 
poles are constant sources of annoyance and trouble in keeping the 
frogs and insulators in place. The expansion of copper is 4th 
inch per degree for 1,000 feet, or §ths of an inch per mile for each 
degree of change in temperature. If the temperature changes, 
as it often does, twenty or thirty degrees in a day, the trolley 
wire might expand or contract 15 or 20 inches per mile. With 
the double trolley wire system the location and maintenance of 
the frogs on the cross-overs and turn-outs would, in view of these 
circumstances, be an extremely difficult one. They would require 
constant adjustment and re-adjustment, and if the method of 
placing the trolley wires 18 inches or more apart was employed, 
so that a large number of frogs was introduced, it’ would practi- 
cally be a determining factor between the possible and the impos- 
sible system. 

On complicated systems of double track lines, the number of in- 
sulators and frogs for the double wire system would be very 
large. I have frequently studied such systems and have found 
that it is by no means a rare occurrence to meet arrangements of 
tracks that require from 25 to 50 overhead frogs and insulators, 
and in some instances from 125 to 150. The weight of all these 
necessarily demands a most substantial overhead construction, and 
undoubtedly the only thing that could be done would be to erect 
large and substantial trusses. It must be also evident that the 
difficulty of keeping the trolley wheel upon these wires is largely 
increased and also the liability of some of the ends breaking loose 
from a trog and falling. 

Imagine such a network of wires loaded with ice on a winter’s 
morning. Add to these wires, if you will, the necessary guard 
wires, and it is as essential to put up guard wires with the double 
system as for the single, and I for one would not have sufficient 
audacity to argue for the same before a city council. It can also 
be clearly shown that the wires of the same polarity of the double 
system will not in all conditions correspond when they are 
attached to the frog. To illustrate what I mean, take the single 
track, Y. Ifa sketch of this is made on the double wire system, 
it will be seen that if the right hand wire is a positive wire, and 
the left hand wire a negative wire on a straight piece of track, 
and they are carried around the Y on to a branching track, the 
positive and negative leads are bound to conflict. Under such 
circumstances either the current must be broken on the motor 
when the car passes that point, or there will be bad flashing in the 
switch. 

It is practically impossible to construct a frog for such a place 
that will permit the trolley wheels to roll across, taking current 
from the same continuously. There will have to be a break in the 
continuity of the circuit at the frog for a certain length of time. 
This break means the going out of the lights every time the car 
passes such a frog. With the single wire system, none of these 
difficulties are experienced. On large roads the cost of copper 
necessary for the double wire system would be so great as 
to be almost prohibitory. With the single trolley system, the 
earth being used as a return circuit, we obtain the aid of its con- 
ductivity and also that of the rails. Practice has demonstrated that 
with such an enormous conductive area the resistance of the return 
circuit can practically be considered nil. Itis true that the supple- 
mentary wire of a size equal to the trolley wire is run through the 
earth and connected to each rail. The use of this conductor is 
twofold. It not only forms a guod ground for each rail but it ties 
the whole underground system into one connected and complete 
metallic system. Counting the resistance of the earth as 0 it is 
readily seen that only one quarter of the copper wire is necessary 
for the single system as for the double wire system. Hence a most 
decided saving is possible. ; 

On a large system the subject of feeders always is a most im- 
portant one. With the single trolley system it is only necessary 
to feed one-half of the circuit, whereas with the double trolley 
system it is necessary to feed both sides of the circuit. In this 
direction alone, therefore, the cost of the latter system must be 
four times that of the former, allowing for the same percentage 
of loss. 

In regard to guard wires, I see no reason why it is not practically 
as necessary to place them over a double wire system as over a 
single. ‘With the current passing out over one wire down through 
the car, through the motors under the car and back by the other 
wire, the chances of leakage are very great. 

It would be very difficult to prevent leakages somewhere on such 
circuit. If a leakage should be established on the positive side 
of a motor armature on one car and on the negative of another, 
both of the cars and station might be damaged. If these leakages 
are so liable, the danger from a foreign wire falling across either 
one of the trolley wires still exists. It is unfortunate, but never- 
theless true, that arc light wires which are supposed to be 
thoroughly insulated from the ground leak at times sufficiently to 
cause damage to life and property if a telephone or telegraph wire 
happens to fall across them. With bare trolley wires and with 
the increased chances of leakage, surely the city authorities would 
not and ought not to permit the erection of the double trolley 
system without the same system of guard wires over them. as is 
placed over the single trolley system. The expense incumbent 
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upon the railway company in this direction therefore is equal for 
both systems. The danger to property in my opinion is practically 
equal in both systems. 

I do not deny the fact that it is possible to so construct a simple 
double trolley system that a falling wire touching one of the 
trolley wires and with its other end on the ground, would deflect no 
current, nor would I deny that under similar conditions a man 
touching this fallen wire and standing upon the ground, would 
receive no shock. This is speculation, not fact, and I am not 
arguing this matter from a theoretical or a possible condition of 
affairs, but from the results of practice which teach that ordinary 
existing circumstances always militate against the ideal, giving as 
a resultant, asystem materially different from what we supposed 
it would be. 

Repeating, therefore, what I have said in regard to danger to 
life and property, I feel that the danger question is practically 
equal in both systems. 

It is unnecessary for me to state to you the fact that 500 volts 
is not dangerous to life, since I think there is no question but what 
you all have taken such a potential if not higher, and I should be 
pleased to have any of you state, if a dicussion follows this paper, 
whether you have taken this potential or a higher one, and the 
circumstances. 

As to the relative expense of the two systems, leaving out the 
question of feeder wires, it is true that practically in every-case 
the double trolley system wonld cost one-half as much more, if not 
twice as much, as the single trolley system. It may be here stated 
that the expense of running the supplementary wire underground 
is sometimes heavy. True, it is, but the expense is largely 
dependent upon the street through which your track passes. If it 
is macadamised or paved with Belgium blocks, or with any paving 
stones, the expense of the removal and replacement of the same 
would be large. Such conditions of streets, however, exist only in 
large cities, and here, I believe, it is generally conceded by friends 
and opponents that the double trolley system is entirely out of the 
question. The expense, however, would nowhere nearly equal the 
additional expense of the feeder wires for the double system, nor 
would it equal the cost of the maintenance of such a system for a 
year or two. 

1f, on the other hand, I admit that it is possible, but not the 
best system for a small road, we are happily confronted by the fact 
that so far in the majority of the cases, the small roads are not 
where it is needed, since the telephone companies, which practi- 
cally represent the only opposition to the introduction of the 
electric railway, have not so extensive lines in these places. It is 
therefore the unfortunate middle man that has to suffer. In 
answer to all the foregoing objections to the double trolley wire 
systew, the statement is sometimes made that there are to-day 
double trolley roads operating commercially successful; and that 
if they can operate in one place there is no reason why they can- 
not be wade to operate in all other places. Steam dummies are 
used to-day in some places; why do not railroad companies use 
them everywhere? ‘There is er mag anything impossible in this 
practical age of ours, and therefore I do not deny that the double 
trolley system could not be placed anywhere that the single is 
placed, but I unhesitatingly state and know that it could not be 
placed wherever the single is placed, and prove equally as satis- 
factory and commercially successful. It is not a question of cost 
but one of expediency and practicability. The electric companies 
would build double systems if they could guarantee them, and 
the railroad companies would demand them 1f they had confidence 
inthem. An unbiased thinking man is forced to adopt the single 
system. 

History shows that the efforts of the early promoters of the 
electric railway were to develop a double wire system with an 
over-running trolley. This has proved a signal failure. The only 
roads so operated to-day are at Easton, Pa., Eikhart, Ind., Ithaca, 
N. Y., Lima, Ohio, Pittsburg, Pa., Sunbury, Pa., St. Catherines, 
Ont., Lancaster, Pa., Ashbury Park, N. J., Appleton, Wis., and 
Wheeling, W. Va., eleven in all. There are none under contract, 
and no firm thinks for a moment of building such asystem. His- 
tory also shows us that the next step in progression was the de- 
velopment of the under-running trolley for this same double 
trolley wire system. Years have gone by, and we have only three 
companies in the whole United States having such a system in 
operation, these are at Cincinnati, O., Meriden, Ct.,and Mansfield, 
O. As illustrative of the feeling and confidence the street railway 


| profession have in this system, I find there are but five companies 
. who have contracted for such a system. I venture to assert at 


this point that if the conditions of the contracts for these roads 
were seen, most interesting and extraordinary clauses would be 
discovered. 

If we now turn to the extraordinary development of the single 
trolley system, we find figures which truly are amazing. On July 
1st, 1888, the Thomson-Houston Company was not in the electric 
railway business, and the total number of roads in operation in 
the Unit d States and Canada, put in by all of the electric companies 


who then were doing business, viz., Sprague, Daft and Van 


i 
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Depoele, was 33. Of these but two or three were the single wire 


_ system under-running trolley ; whereas to-day there are nearly 
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115 roads in operation, and an equal number under contract, and 
of these all but some four or five have been put in or contracted 
for by either the Thomson-Houston Company or the Sprague Com- 
pany. ‘Two hundred and thirty roads contract for the single 
system, five for the double. If I take the history of the ‘l'homson- 
Houston Company since it commenced to build electric railways, 


| I will find that it has in less than two years, put 61 roads in opera- 


tion, and has under contract 45 more, making a grand total of 106 


roads contracted for with the single trolley system, by one com- 
pany. Could there be more conclusive proof of the pre-eminent 
adaptability to a commercial necessity than this is, for the single 
trolley system ? 
The future is destined to surpass this record as surely and as 
amazingly as the adoption of electric lights and telephones sur- 
passed their records of eight or ten years ago. L'un 


LEGAL. 


King, Brown and Co, v, Anglo-American Brush 
Electric Light Corporation, Limited, 


(Continued from page 684.) 


Lord McLartn: What is the criterion you propose to apply to 
the interpretation of the specification? Must it be so clear that 
a workman of ordinary skill would understand it, or would this Le 
sufficient that this particular part of the specification would 
enable a person already familiar with dynamo machines as known 
at that time, to add compound winding to the other requisites? | 

Mr. Murray: I do not think honestly that there will -be much 
between usin the law. I am quite willing to take it as.already 
laid down on the bench. But it was difficult to make an exact 
definition of these sort of things. Certainly an anticipation 
necessary, is an anticipation which fairly discloses the invention 
and discloses it in a way that is understandable by a person well 
versed in the science. ' 

Lord McLaren: A person who knew dynamo machines as then 
existing. 

Mr. Murray: Certainly, and a person of great intelligence. 
Mr Murray quoted the case of Philpot v. Hanbury (2 R.P.C.) in 


which a definition was given by Mr. Justice Groves, to the effect 


that there must be publication, which, when read by persons well 
versed in the trade, he might even say by the higher class of 
skilled workmen, would enable them to understand it. He was 


' quite willing to rest content with that ; but while that was so he 


submitted that a very stupid person would have understood that 
specification of Varley, because he would have nothing to do but 
blindly to follow the description. Proceeding to deal with the 
evidence he said he wished to take the defenders’ witnesses and to 
show how in cross-examination they had been di-loged from their 
position. They all commenced by saying that Varley’s description 
meant series, or shunt, or separate excitation ; but he had made 
them to confess that the words were inconsistent with shunt, with 
series, or with separate excitation, and that there was nothing 
left but series-shunt. Mr. Murray then read from the evidence of the 
defenders’ witnesses Silvanus Thomson, John Perry, Sir William 
Thomson and William Henry Preece, to prove what he had just said. 
Mr. Preece had, he said, gone into the box very confidently holding 
the view that the whole thing was inconsistent with series shunt ; 
but when he was pressed he admitted that it was not so. He was 
pushed from one corner into another, and then when he was 
floundering, if the term might be used without rudeness, he seized 
upon the idea of double shunt only to abandon it. That disposed 
of the whole of his learned friend’s scientific witnesses ; and there- 
fore he submitted that he had carried out his promise and made 
good his challenge to the other side that not one of their scientific 
witnesses when under cross-examination had stood to their guns, 
but that every one of them, who quite glibly said that was incon- 
sistent with series shunt, tested by the process of elimination were 
driven from one stronghold after another, and forced to admit in 
the end compound winding, or no winding at all. He need scarcely 
say that, us regarded the pursuer’s witnesses, their evidence was 


clear and distinct in the view that it was compound winding, : 


and their testimony was unshaken in cross-examination. Mr. 
Murray next referred to some matters of criticism that here 
and there had crept up in the defenders’ case. Those with which 
he would deal were the use of the word ‘‘ divert,”’ the use of the 
word “ circuit,” and the question of whether bifurcation—which 
was, of course, a necessary of any shunt or series-shunt arrange- 
ment—was in any way indicated in Varley’s patent. Speaking 
first of the word “circuit,” he said they would find witnesses 
saying that that term, properly used, ought to mean circuit 
from end to end—that nobody ought to speak of series 
circuit or shunt circuit, that being incorreet electrical language. 
That was probably true, but at the same time it did not matter, 
because undoubtedly in popular electrical language, and certainly 
in 1876, “ circuit ” was used in its more inaccurate sense. Pro- 
bably the most conclusive reply he had to that was, that Brush 
himself used “ circuit ”’ in precisely the same inaccurate manner 
in his own specification ; and Sir William Thomson, who was one 
of the defenderz’ witnesses, in his evidence, said “‘ he thought the 
words used by Varley implied two circuits.” I notice that Brush 
uses precisely the same term, because “circuit” was continually 
used for “ b:anch ” by writers on that subject. It was an ambi- 
guity. 


Lord Apam: The criticism is that the shunt was a branch, and - 


not a circuit. 

Mr. Murray: Yes, and that to speak of the electric light circuit 
and the circuit of less or of greater resistance—if you use “ clr- 
cuit” in its real and proper sense—was to speak of two inde- 
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dent things altogether, without diverging or bifurcating at all. 
hat would be correct ; but even to this day people spoke of series 
and shunt circuit for convenience. For example, Mr. Perry, one 
of the defenders’ witnesses, in speaking of a series shunt machine, 
said that “ the electricity divides itself between two circuits and 
two windings on the magnet.” That was not really so, because 
there was only one circuit, for, speaking of a branch, they ought 
not to call it a circuit, because it was only part of a circuit. He 
quoted Brush’s specification to show that he used the word 
“ circuit ” in precisely the same erroneous way. With regard to 
bifurcation, it had been suggested by some of the witnesses that 
bifurcation was necessary, as, of course, it was in that arrange- 
ment, and that nothing was actually said about bifurcation in 
Varley’s patent. Sir Wm. Thomson disposed of that perfectly 
satisfactorily, for he said in his evidence that bifurcation of an 
electric current by splitting a wire was not beyond an electrical 
workmau, and that if he found it necessary for any reason to bi- 
furcate his current, splitting the wire would readily suggest itself. 
In the same way Sylvanus Thompson said in his evidence that the 
word “ diversion ” in Varley’s specification was consistent with 
bifurcation, and that that was the language of Haddan. Coming 
to the question of whether separate excitation was part of Varley’s 
patent, he said he would explain the part of the patent which 
enabled him to put out of the way separate excitation altogether. 
There were certainly two places which helped them to do that; and 
one of them was exceedingly strong, and utterly inconsistent with 
separate excitation. He quoted from Varley’s specification as fol- 
lows: “ The number of bobbins in each group may be two or four 
or eight ; the number.of commutators employed may correspond 
to the number of bobbins forming the group, or they may be in- 
creased in number, and when electricity of a very high potential 
is desired, the commutators may be increased to the same number 
as the bobbins.” Then, at another part, Varley said: *‘ When the 
number of commutators correspond to the number of bobbins 
forming a group, the ends of the insulated wires of each group 
are joined side by side to the respective discs of the commutators.” 
Their lordships would see that if they wanted electricity of a very 
high potential, they might have one commutator for each bobbin. 
Then Varley went on to say: “‘ The springs which rest against the 
commutators are so connected as to form a continuous electrical 
circuit from one to the other, through the metal discs of the com- 
mutators.” Their lordships would see that that was absolutely 
destructive of the idea of separate excitation from a separate por- 
tion of the armature, because if they had separate excitation from 
a separate portion of the armature, they must have that separate 
portion commuted by a separate commutator of its own, and, of 
course, taken away to the magnets, whereas the rest of the elec- 
tricity developed by the armatures would be commuted by its 
commutator, and taken away to the circuit. If they put these 
two commutators in direct electrical connection, they destroyed 
the whole thing. Therefore, inasmuch as there was only one 
method of winding given, the patentee was, of course, entitled to 
wind any machine which had been previously described by that 
method of winding, and he proceeded to compound wind a machine 
which had a commutator of such a construction that separate 
excitation was impossible. In support of that contention, he 
quoted the evidence of Sir Wm. Thomson, Mr. Perry, Mr. Silvanus 
Thompson, and Mr. Preece, the defenders’ witnesses, and Mr. 
Swinburne and Prof. Ewing, the pursuers’ witnesses. Dealing 
with what counsel on the other side had called “electrical 
absurdities ” in Varley’s patent, Mr. Murray said Sir Wm. 
Thomson said that Varley had a wrong theoretical idea, which 
resulted, after one of the armature bobbins was cut out of a 
certain portion of the revolution, in throwing in the bobbin again 
too soon. That was exceedingly temperately put ; but one of the 
great peculiarities of electrical science was this—that although 
these gentlemen had discovered a great deal in one way, they had 
discovered uncommonly little in another. Nobody knew, after 
all, what electricity was, and nobody knew exactly why it was that 
electricity was developed in that way out of magnetism. In fact, 
electrical science in one sense was entirely an empirical science. 
Nobody knew yet in what direction the current went, and elec- 
tricians called electricity which they saw going in one direction 
as of a certain character, and that which went in another direction 
as of another character. But if they altered the nomenclature 
they would alter the direction. Assuming that Varley was wrong 
when he went a little beyond his province and described in his 
patent the way in which electricity was formed and magnetism 
was stored, it did not make any difference in his machine, except 
what Sir Wm. Thomson said about leading to the bobbin being 
thrown in too soon. 

The Lorp PRESIDENT: We are not trying the validity of Varley’s 
patent, but only what it disclosed. | 

Mr. Murray: Certainly. But there was another matter to 
which he would ask their lordships’ attention, and that was what 
Mr. Silvanus Thomson said, that—‘‘ Varley’s machine, such as it 
is, works or does not work, quite irrespective of the theory on 
which it is constructed. The machine described in the specifica- 
tion is a workable dynamo machine, and at its date I do not know 
that there were much better.’ The machine which defenders’ 
counsel wished to make out as a failure was described by their 
mn | witness as one which, at its date, had no rival. 

Lord McLaren: He is one of the strongest witnesses against 
you on other points. 

Mr. Murray: He is the leading witness. Of course the machine 
was a failure if they pitted it against the machines of the present 
time, but at its date it was a good machine, and in this question of 
anticipation it could not be described as a failure. With reyard 


to the storing of magnetism in the bobbins, he should like to point 
out that Prof. Ewing, in his evidence, said that “ so far from there 
being any manifest absurdity, Varley’s patent showed that his 
knowledge and grasp of the subject were very much in advance of 
his time.”” He submitted that Prof. Ewing was probably—putting 
on one side Sir Wm. Thomson, whose position was quite excep- 
tional—far in advance as an authority upon magnetism—and it 
was a question here of magnetism and not of electricity—of any 
other witness adduced in the case. But passing from that, there 
was a very good reason why Varley should have been anxious to 
introduce that compound winding. He had already admitted, as 
part of his argument, that Varley did not know that he was laying 
the foundation of constant potential, but he did know that part of 
his patent was concerned witha lamp, and the lamp which Varley 
constructed was a ery for the proper working of which it was 
almost necessary that he should hit upon compound winding. The 
learned counsel described the lamp which Varley’s machine was 
made to work, and gave reasons to show that it could not have 
been worked either by pure series or by pure shunt, but that the 
difficulties experienced by either of these methods were avoided 
with series shunt. In support of his view he quoted the evidence 
of Messrs. Swinburne, Ewing, and Silvanus Thompson. 

The Lorp Prestpent: What is the bearing of all this? 

Mr. Murray: The bearing of it is that J can show what the 
other side cannot show, an opportunity and an —— reason 
for having compound winding in Varley’s patent. e argument 
for the defenders was that this could not be compound windirg— 
that Varley did not show any reason why he should Wave it. He 
admitted that there was no reason as to constant yoy but 
there was a good reason in the patent why he should design com- 
pound winding. 

The Lorp Presipent: Do you mean that a part of this 
ae not have been worked without this compound 
winding ? 


Mr. Murray: It comes up to that. It could not have been suc- 
cessfully worked without it, and Varley, in his specification, 
showed, by his description of the construction of the lamp, and 
what he said about his method of producing the electric light, that 
it was compound winding he was really aiming at. He would pass 
to another branch of the case, which his friend, Mr. Jameson, did 
not touch upon, but which he submitted could not be treated so 
cavalierly. He referred to the fact of that compound winding 
having been reached through bre Mg specification by no less t 
four mechanics. The models e by these apprentices from 
Varley’s specification varied in form, but they were all equall 
compound wound. He quoted the case of “‘ Edison-Swan v. Hol- 
land ” to show that evidence of a workman having made an instru- 
ment or machine from a particular specification was evidence of 
weight in the particular case. He did not say that it was con- 
clusive, but it went a ans way to show that the description in 
Varley’s patent was not the terribly difficult thing to understand 
which some of the witnesses on the other side said it was. He 
proceeded to deal with the question of disclosure by prior use by 
the machine made, under Varley’s directions, by Siebe and Gorman. 
That machine showed that it had got two windings round the - 
nets, and his friend could not deny that it could be perfectly 
easily used as a series shunt machine. 

Lord McLaren: Have you evidence that it was in fact used as 
a series shunt machine coupled up in that way? — 

Mr. Murray: I have got very good evidence of twosorts. It 
was used publicly to illustrate certain operations in a diving tank, 
and for the purpose of photographing an ice machine. They were 
not experiments on the machine itself. He quoted the authority 
of several cases with regard to what public use really was. In the 
case of “Carpenter v. Smith,” a lock, which was the article in- 
volved in the case, was held to afford good public user, although 
all the public knew was that the lock was on a door, their know- 
ledge not extending to its construction. Then, in the case of 
Humpherson, somebody had made a patent of a waste-water 

reventer which he had given toa firm to make, and that firm 
ad made it and simply showed it in the window. It was assumed 
all through the judgment there, that the showing in the shop, 
even although nothing was done with it, was quite sufficient to be 
public use. : | 

The Lorp PRESIDENT : That is hardly prior use. Prior use 
means use by somebody else. 

Mr. Murray : I think it is prior disclosure. 

Lord McLaren: Your point is that it is enough if the results 
are shown to the public, although no one can see how the thing is 
done. 

Mr. Murray: Exactly so. If you put a book in a bookseller’s 
window, that undoubtedly is good publication in the sense of the 
law. He went on to say that there was very good evidence to 
show how that machine was connected in the sketch made by 
Varley in an old notebook. Sir Wm. Thomson, looking at Varley’s 
sketch, said it was series shunt. The date of the sketch was 
about the date of the specification. 

Lord McLaren : That is prior to Brush’s patent ? 

Mr. Murray : Yes Construing Varley’s specification by that 
sketch, he said Varley’s recollection was quite correct when he 
said that that machine could be coupled up as shown in the sketch. 
There was another piece of evidence which showed quite distinctly 
that the machine was coupled up in series shunt. A common 
workman who did not know anything about these matters, and 
could not explain the operation of compound winding, and there- 
fore could not have been couched, gave evidence which showed how 
the machine was used. He quoted from the testimony of Edward F. 
Myers to show that certain results which he had noticed when 
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Varley’s machine was in operation could have been produced only 
by a machine coupled up in series shunt. : 

Lord McLaren : I think one can hardly doubt that that machine 
of Varley’s was compound wound, although one cannot say whether 
it was a good one. 

Mr. Murray: That is so, but it does not much matter ; and the 
question of its being conceivably double shunt, as Mr. Preece at 
one time said, is put out of the way, because if it was double shunt 
the lamp must n ily have had a key, and there was a joint 
minute put in stating that there was no key ever used with that 
lamp. He concluded by submitting that the patent was bad, upon 
the various grounds which he had adduced. 

At the close of Mr. Murray’s speech, the further hearing of the 
case was adjourned. 


Tuxspay, JUNE 3rRp. 
The DEAN or Facutty 


pecifi 
that he should specify the best mode which he knew of carryi 
out his invention. If he did not do so, his patent could be amaliel. 


could not carve anything out of that combination; but that was 
absolutely inconsistent with the principles of patent law, as they 
could make as many ubordinate claims as they could get out of 
the combination. | 

Lord Apam : Suppose a man invented and patented a combina- 
tion of two things entirely new, and another person took one of 
those things and combined it with another thing of his own 
entirely new ? 

The DEAN or Facutty: Yes, I think he could. It had been 
held that if they had a combination of, say, a dozen parts, an in- 
fringer would not escape because he left out one or two from his 
machine, as he would infringe the combination. In the case of 
Harrison, in the House of Lords, Lord Chancellor Cairns gave it 
as his opinion that “if it is clear that the claim is for a combina- 
tion and nothing but a combination, there is no infringement un- 
less the whole combination is taken.” In that case, not only was 
the competency of claiming subordinate clearly recognised, 
but the House of Lords held that the claiming alternatively of 
some parts as new by necessary implication involved a disclaimer 
of any others. The Dean proceeded to point out that Brush 
claimed a peculiar form of commutator which combined cylindricity, 
durability and repairability; and it was evident that the in- 
sulating segment, T, was within the general description and 

eneral purview and aim of the provisional specification. Mr. 

urray had made an ingenious criticism when he said that when 
Brush came to disclaim and correct his specification, he changed 
*‘insulated” to “insulating,” and that by the time he came to 
disclaim he had found out that the segment spaces were ‘‘ insu- 
sulating ” and not merely “insulated.” It was perfectly plain, 
however, that the object of the space at first was to “ ll sé 
the electric current at that particular part, and that, therefore, 
that part of his friend’s argument fell to the ground. The con- 
trivance for the securing of the segments, s and T, more firmly 
and properly was purely a mechanical function, and, therefore, 
here also his friend’s argument that it was an electrical function 
that was intended was unsound. The Lord Ordinary was with 
him (the Dean) upon the next question—namely, whether Wilde’s 
or Varley’s commutator was an anticipation of Brush’s. No doubt 
in Wilde’s commutator the shaft was used as an electrical equi- 
valent for a wire; but Brush’s commutator claim was for a com- 
bination, and while in Wilde’s the shaft was an electrical 
equivalent for a wire it was only for one wire, and could only work 
with an armature with one bobbin, in Brush’s they could have as 
many rings of segments as they liked, and adapt it to the superior 
work that had now to be done. Another difference was that while 
in Brush’s they had an insulating hub, in Wilde’s, with the shaft 
doing electrical work, they would have considerable leakage of 
electricity, seeing that the shaft was in connection with the iron 


frame-work of the machine. Therefore Brush was superior to 
Wilde in that respect. Then, again, comparing Brush’s with 
Varley’s commutator, while in the former the wearin segments 
were detachably attached by means of a screw, in the fatto. they 
had to be broken off with a cold chisel or crowbar, with the result 
that the machine was . Further, comparing Brush’s 
method of attachment—a screw—with Varley’s—a nail or rivet, 
the advantage was all on the side of Brush. No doubt Varley’s 
came very near Brush’s with regard to the mechanism combination, 
but it did not satisfy either the discription in Brush’s specification 
or the advantage claimed for it. He now 
of compound winding. Mr. Murray had said that neither Varley 
nor Brush knew of the advantages, or the material advantages of 
compound winding at the date of their patents. Mr. urray 
could not dispute that there was in Brush’s publication a full, 
complete, and clear disclosure of compound winding, nor could ho 
dispute that until Brush made that invention, in 1878, compound 
wound dynamos were never even used, nor in the market. Now 
there were thousands of them, and whether or not Brush was 
anticipated by Varley, it was Brush and not Varley who had made 
that mechanism useful to mankind. While Brush’s machine had 
become a world-wide success, Varley’s—which was an experimental 
machine—was stowed away among rubbish in Siebe and Gorman’s, 
and was never heard of until it was resuscitated for the purposes of 
the.Crompton case. 

Lord McLaren: Varley did not make any more than the one 
machine ? 

The DEAN oF Facuzry : No. 

Lord McLaren: How can a man make an invention and never 
try to make it a commercial success ? 

The Dean or Facutty: Exactly. That is what we consider 
conclusive in this case. 

Lord McLaren: Probably he made the world a present of the 
machine, seeing he allowed the patent to lapse ? 

The Dean or Facuzry : But apparently he did not make the 
world any the wiser or the better. His machine was left hidden 
and out of sight until somebody thought it might be useful in a 

case; while all the time Brush’s machine was in the market. 

rd McLaren: The one was a capitalist with a powerful com- 
pany at his back; the other was a poor inventor who had not the 
means to make any use of his invention. 

The Dean or Facuzry : I am not sure that that is a fair way 
of putting it, because Varley entered into partnership with Siebe 
nal Gorman on this machine. Proceeding, the Dean of Faculty 
said that while it might be true that Varley did not appreciate 
the value of his invention, it was not true of Brush, because Brush 
in his specification showed by his description that he appreciated 
what he invented. Mr. Murray’s point was that there was no 
incandescent lighting at the time. No doubt there was very 
little; and while Brush might not have seen what fine measures 
of adjustment might ultimately be required to secure constant 
potential, he certainly devised and executed a mechanism which 
necessarily could not help making a very near approach to con- 
stant potential, and which did make as great an approach to con- 
stant potential as appeared to have been necessary at that time 
for electro-plating. It appeared from Brush’s description that his 
great aim was to get constant electromotive force or potential as 
the result of his arrangement of the magnetic field ; and therefore 
electromotive force or constant potential was distinctly disclosed 
by Brush. The Dean proceeded to address himself to the question 
whether Varley had disclosed compound winding in ‘his specifica- 
tion. He contended that the specification must be such as would 
enable a workmen to put together the machine which was invented 
from the description and the drawings. If a workman could not 
upon being provided with the specification and drawings make the 
machine, then the patent was ineffectual, because it was not prac- 
tically useful. He submitted that there were some things that 
would not do when they were oe with a patent for a 
mechanical invention like this. It would not do merely to shadow 
out an idea which might be carried out in various ways, unless the 


tentee told how this should be carried out. Then, again, if the 


escription were of such a character as to be misleading, it would 
not be a proper one ; it must be of such a character that a man 
would understand the description and work out a proper result. 
It would not do merely to have an idea unclothed with particulars. 
Supposing Varley had it flitting through his mind that he would 
like to get these two currents round the magnets, but if he never 
showed how such a thing could be done, how the connection could 
be made up, and did not describe the invention so as to prevent 
misconception, then he did not fulfil the conditions required of 
him. But on the question of fact, whether the description was 4 
roper description, it became vital to see whether the facts were 
Sieslosed. because, as he had pointed out, this was not a case in 
which Varley conceived an idea without ever having the oppor- 
tunity of carrying it out. He worked at it for months, and made 
up a machine which failed. The reason why Brush, on the other 
hand, succeeded was that he drew up a proper specification, and 
went into the market with his completed machine. They got some 
light on the matter from Varley’s own evidence. There was no 
doubt he was a man of great ingenuity, but without the staying 
wer to work his ideas into practical form. While he seemed to 
so visionary or floating ideas, they could not be practically put 
together, But perhaps that was less wonderful when they remem- 
bered this, that, so far as they could gather, Varley never made 
an experimental machine before he took out his patent. — Most 
people who came into Court with a complex machine consisting of 
many pieces goals found that they had had to try and correct 
before they ultimately made their machine. 


ed to the question 


addressed the Court on behalf of the defenders and reclaimers 
(the Anglo-American Brush Company). Dealing, in the first 
place, with the mechanism of the commutators, he addressed him- 
self to the alleged disconformity between Haddan’s final specifi- 
cation and the provisional specification, and argued that the Lord 
Ordinary, in giving judgment in the Outer House, had lost sight 
of the respective functions of a provisional and a final specifica- 
| tion. His (counsel’s) contention was that the purpose of a pro- 
| visional specification was merely to mention or disclose the nature 
| of theinvention. It was in the later and final specification that 
_ the particular details and the mode of carrying out the specifica- 
| tion were given. The object of a provisional specification was to 
enable a man, when he had got hold of a novel and useful idea, to ’ 
_ work it out during the six months’ protection afforded to him. In 
| 
other matter overlooked by the Lord Ordinary was as to what 
was necessary to sustain a patent for a combination. He quoted 
a decision of the House of Lords to show that where they Thad a 
patent for a combination of mechanical parts, they did not require 
to specify the merits of any separate part of that combination, 
and said that if that were so, it was much less necessary in a pro- 
visional specification, where only the general nature of the inven- 
tion had to be shadowed. Haddan’s patent did not pretend to be 
for a new discovery since his provisional specification, but, as the 
_ title bore, it was an improvement on apparatus. Having quoted 
| the description of the commutator in the final specification, counsel 
| said their lordships would see that, so far from having claimed a 
separate invention, the patentee had taken the words in his pro- 
visional specification to describe his total combination. The Lord | 
Ordi seemed to think that if they claimed a combination, the | 
i 
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The Lorp Presipent: That is a little dan us, because you 
are apt to have the idea stolen in the course of the experiment. 
The DEAN or FACULTY remarked that there was nothing useful 
about the matter at that time. Varley seemed to have launched 
this general description, and then proceeded to see whether it would 
work. Although there might be dangers attached to experiment, 
they were certainly not those dangers of first adumbrating 
something in writing and then trying if it would work. The trial 
in this case proved that it would not work, and although 14 years 
bad elapsed since then, no machine except that which was taken 
from Siebe and Gorman’s yard was ever made, and no machine 
ever succeeded. It would require in that state of the fact that 
they should be very clear upon the paper description that this in- 
vention was disclosed in the sense he had explained, that was to 
say, as to its being a combination of mechanical parts so disclosed 
as to direct the construction of this machine. If he might venture 
to make a remark about the Lord Ordinary’s judgment on this 
head, he would say that the Lord Ordinary, in dealing with the 
evidence, made a great point of Sir William Thomson’s evidence. 
Lord Trayner said that Sir Wm. Thomson, in dealing with 
Varley’s specification, ‘‘finds that there are some things iacon- 
sistent with series shunt; that he has been puzzled in trying to 
understand the description, which contains some words of a mis- 
leading rather than instructive tendency, and he concludes that 
an ordinary skilled workman would not in 1876 by Varley’s 
description have had disclosed to him the system of series shunt 
winding. That opinion certainly undergoes modification in the 
course of his examination, for he concludes his evidence in chief 
(on this part of the case) by saying that he thinks “it quite 
egg that in 1876, he (the ordinary skilled workman) might 
ve been led to series shunt by these descriptions.’ His cross- 
examination, however, ~ - him still nearer to the view which I 
have taken. He says: ‘The whole is consistent with 
series shunt winding except the partial inconsistency of the first 
lines, which is not an absolute inconsistency.’ On the whole, I 
think Sir Wm. Thomson may fairly be claimed by the pursuers 
as a witness in support of their views.” In that sentence of Sir 
Wm. Thomson’s about the consistency with series shunt they got 
an indication of how Lord Trayner had fallen into a mistake in 
this matter. It was not enough, the Dean of Faculty contended, 
that they might find in some of the passages of a long description 
a few lines, and say that these few lines were consistent with a 
specific invention. they were consistent with that, they might 
be consistent with a dozenother things. Before a thing could 
be a disclosure of a machine it must direct a man how so to make 
it that he would be certain of the result. He was not merely to 
get a description of a thing consistent with one thing which 
might be consistent with a dozen other things. He must 
get a description which marked out one machine from 
all others. While there were some lines in the specification which 
might be extracted out of this description which would be con- 
sistent with compound winding, yet he disputed that consistent 
and description were synonymous terms. Then again, a great 
uliarity of this case was that if Varley should prove to be the 
inventor, after having got an enormously valuable invention, he 
did not claim it. He described it, did not draw it, and failed to 
claim it. All these things were a very bad start in holding that 
he had made a pure disclosure. In considering the question 
whether disclosure was made, the question must be dealt with as 
affected by the circumstances which surrounded the patent at the 
date it was issued or published. The question was not whether a 
a man in the year 1890 or 1888, reading the description, would 
ar this out of it with what had now become common know- 
edge, but what an electrical workman of ordinary skill of 1876 
would be able to extract from it. His description did not 
apply to compound winding. They were told in the specification 
that a part of the electricity went to maintain the magnetism, 
and the remaining portion was used to produce the electric light. 
That was not in accordance with series shunt. Any workman who 
read that would be apt to carry with him into any subsequent 
reading of the specification that there was a final division of the 
electricity into two volumes devoted to two separate purposes. 
That was a very bad start towards compound winding. Then 
Varley proceeded to state that there were several well-known ways 
of doing this, but the method he preferred was to wrap the soft iron 
magnets with two insulating wires, one having a larger resistance 
than the other. The circuit of larger resistance was always closed, 
and the circuit of less resistance was used for the electric light. 
It was said that here they came nearer to compound winding. It 
was said that the previous two lines he had referred to described 
compound winding, and now Varley proceeded to say that there 
were well-known ways of doing this—that there were well-known 
ways of compound winding at a time when it had never been 
known. If an ordinary workman of that time had been started 
on this wild goose chase by being told to separate the total elec- 
tricity into two parts, and then was informed that there were 
several well-known ways of doing this, what would he do? He 
would look to his common knowledge to see where were the several 
well-known ways of doing this, and he would think of the ways 
which were all inconsistent with compound ne Varley went 
on to describe something which he (the Dean) did not Taaute 
might be consistent with compound winding. What he said as to 
the method he preferred of wrapping soft iron magnets with 
two insulating wires, one having a larger resistance than the 
other up to a certain point was concerned with compound winding, 
because they had in compound winding soft iron magnets wrapped 
with two insulating wires, and one had a larger resistance than 
the other. They had a shunt wire with a large resistance and a 
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| series wire with a small resistance, but they were not told where 


those wires came from, and how they were coupled up, They 
might have come from the armature and they might have come 
from the outside altogether. Varley told them that there were 
some well-known ways of ag ge no human being had ever 
done it in this way before. ile he admitted that these few 
lines in Varley’s specification involved general ingredients, that 
they found in compound winding it was not enough that it should 
only be incidentally mentioned and was inconsistent with some- 
thing else, and was not calculated to instruct, as it did not instruct 
any human being how to doit. Varley then went on to mention 
two circuits, the one of larger resistance being always closed, and 
the circuit of less resistance being used for the electric light. 
This ph was wholly inconsistent, t one line, with 
compound winding, Varley came back in the last line of the para- 
graph to a total and final separation of his electricity, one part 
of which was exclusively devoted to magnetism and the other to 
the electric light. If Varley had had any glimmerings of compound 
winding in the lines in which he spoke of two wires that glimmer- 
ing had vanished when he went back in to talk of total 
severance. In this connection he might point out that they were 
entitled to consider the opinions of men of electrical skill as to 
what the workmen of 1876 would have understood by this descrip- 
tion of Varley’s. Many of the scientific witnesses who had given 


‘evidence had stated that ordinary workmen, in 1876, would not have 


been able to make this machine from the specification. He 


referred to Sir Wm. Thomson as being perfectly distinct upon that — 


matter. 

The Lorp Presrpent: Mr. Murray thought he had converted 
Sir William into a witness for the other side ? 

The Dean or Facutty: Yes; but Mr. Murray admitted that so 
highly skilled a witness as this allowed that a workman of more 
than ordinary skill would find the description confusing and con- 
flicting. But Mr. Murray puta + many questions to Sir Wm. 
Thomson, and as the t of drawing his attention to things 
scattered over the whole specification, Sir William had some of 
his difficulties removed. But a workman of ordinary skill had 
not Sir William’s advantages. He had got to read the specifica- 
tion with the knowledge he had at the time. It would not be 
an answer to the Brush Company’s case to say that some might 
read gg À: specification in that way, and some might read it in 
another. it was to be read in these different ways, it did not 
enable a workman of ordinary skill to get at Varley’s meaning. 


It was sufficient for the defenders to show that this incidental — 


adequate to construct a machine. 
deal with very shortly, unless their Ta desired him to speak 
upon it. He referred to the model of the i i 

made in Mr. Brown’s works in 1888 from Varley’s specification. 
The Court must remember thaf this was in 1888, when com 
winding had been the a of the world through Mr. Brush 
for ten years. Wasit credible, he asked, that they could find an 
electric workmen in 1888 whose mind was not full of the idea of 
compound windi 


g? 
Lord Apam: They took out an apprentice to do the work who | 


knew nothing about compound winding. 

The DEAN or Facutty: But compound winding was spoken 
about to the men. It was, therefore, no fair test to say that elec- 
trical workmen in 1888 could make this machine from the specifi- 
cation. Let them find men who could do so in 1876. 

The Lorp PRESIDENT : Are we not losing ry of the great rule 
that the construction of a specification is for the Court ? 

The Dgan or Facutty: I think that is so. 

Lord Apam: Yes, but you can give us evidenee to instruct the 
Court as to what its state of mind should be when it comes to 
decide the case. (Laughter.) 

The Dan or Facu tty, continuing, said all he wished to state 
of this point was that if the specification did really disclose com- 
pound winding to men who knew it already in 1888, it did not dis- 
close it to the men who did not know it in 1876. There was no 
doubt that Varley’s ideas were visionary and in the air, and that 
the real inventor was he who brought them down to earth and 
made them of service to man. The only remaining point was that 
of usage, and was one that might be dealt with very shortly. The 
evidence upon that matter had been put before their lordships. 
The history of the machine was that Varley, after having ea 
partnership with Siebe and Gorman for working out his patent, 
got very favourable opportunities of trying it. These gentlemen 
seemed to have been skilled mechanicians, and the machine re- 
ceived every advantage from their skill and knowledge. For 
months they worked at it, and it turned out a failure. That was 


the only working machine said to have ever been made under this -. 


great invention. Now he thought the Lord President had said 
that in order to justify usage, there must have heen trial by way 
of use. There must be trial by use, and not merely by experi- 
ment. Well, experiment was the only use, and Varley himself 
described it as an experimental machine. After it had been tried 
as an experiment, the only things that could be said regarding any 


- 


| 

| 
description of compound winding had never come to anything, 

and that it never instructed a human being, and was lost sight of 

until the machine which Varley had constructed was excavated 

for the purposes of Crompton’s case. Further, the only drawing 

which Varley prepared in connection with his specification did not 

show compound winding at all, but only series winding. As a 

whole, therefore, the specification and drawing did not disclose 

compound winding. It would not do to take a line out of the 

specification at one place about a commutator, and a line about a 

wire at another place, and piece them together. There must be 

clear and definite instructions, and there were no instructions 
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use of it was in photographing an ice machine by the light from 
the lamp attached to it, and in lighting a tank in which some 
divings had taken place. These were things that were done in- 
cidentally in the course of the experiments. The machine never 
was shown to have been lighted or used for the purpose of doing 
useful work, but when it was lighted in the course of experiment, 
these things were done. Their lordships could come to no other 
conclusion than that the machine was a failure. 

At the conclusion of the Dean of Faculty’s address, the Court 
adjourned for the day. 

(To be concluded.) 


PROCEEDINGS OF SOCIETIES. 


The Institution of Electrical Engineers. 
(Continued from page 687.) 


SUPPLY REGULATIONS. 


These have been subjected to less alteration than the safety 
regulations. The variation of standard pressure permitted has 
been reduced, and in the new draft it is proposed, as already stated, 
to introduce the idea of a pressure to be declared at the consumer’s 
terminals, which is not to vary more than 4 per cent., and the 
variation of which may be tested for the consumer on his applica- 
tion by the electric inspector. 

It is also proposed to take advantage of the powers of the trans- 
former system and provide that the consumer supplied from a 
transformer on his premises shall have the choice of two pres- 
sures given him, one about half the other. 

No doubt many of the regulations that have been made are open 
to criticism ; but I would point out that they are in every case the 
result of very careful consideration, and that observations on them 
from many different points of view have been submitted, and 
given, as far as possible, their due weight. Itis not unlikely, 
therefore, that a criticism, even from a high electrical authority, 
may be unjust and erroneous, from the critic not being acquainted 
with all the circumstances and conditions which have guided the 
Board of Trade; and it should also be borne in mind that the 
Board are empowered to alter any regulations issued by them, on 
to repeal them and issue fresh ones, should the progress of elec- 
trical discovery and further experience make such a course 
gr? rfec pare regu 

whatever imperfection may become a nt in these - 
lations, I can confidently affirm—and I feel sure that this pro- 
position will receive the support of those among you who have 
experience of its methods of procedure—that the Board of Trade 
has been guided solely by the desire to do the duty imposed upon 
it by Parliament, and to serve the best interests of producers and 
consumers alike. 

And now, I should like to say a few words about the standardising 
laboratory. You are probably aware that the Board of Trade 
have, in deference to the wishes of the large body now interested 
in practical applications of electricity, as expressed by a powerful 
deputation to the President last year, undertaken to provide some- 
thing in the nature of a testing establishment for instruments 
intended for the measurement of electrical quantities, analogous 
to the Standards Department of the Board of Trade for weights 
and measures of the more and material quantities. They 
have also taken powers under the Weights and Measures Act of 
last Session to undertake such testing and verification, and to 
charge fees for it; so that these verifications, whatever their 
scientific value, will possess a legal value. 

A general scheme for the scope and working of this laboratory 
was drawn up very carefully last year by a committee of your 
Institution, in connection with which I should like to mention 
especially the hard work done by Dr. Fleming, in a cause which 
he has given abundant proof that he has at heart. The general 
idea embodied in this, in which I personally entirely concurred, is 
that the thing should grow from small beginnings. This, I think, 
is the English way, and I need only point to the present position 
of our own Institution as an example of its success. Our more 
impressionable neighbours on the other side of the Channel like to 
start these things in a different way. They must have something 
grand and striking, and of course there is much to be said for this 
view, if you have the means to carry it out; but it sometimes 
leads to, as it were, setting up a steam hammer to crack nuts. No 
doubt the steam hammer can do it very well, but a pair of nut- 
crackers is cheaper. Now.I can promise that there will be nothing 
grandiose about our laboratory—we are starting with a very 
ordinary pair of nut-crackers. 

It is hardly necessary to observe that the small beginnings 
idea was the part of the scheme most to the taste of the Treasury ; 
in fact, to use an electrical metaphor, my Lords would have liked 
our electric particle to have acquired its potential of doing work 
by starting in the legitimate way at an infinite distance from the 
charged body (the auiional purse), and to have been a long time 
on the road, too. However, let us not forget that if we are elec- 
tricians we are also taxpayers ! 

Now what we hope to do in this laboratory is, first of all, to get 
the true values of the electrical units, within a very small possible 

percentage of error. We are not tied to the so-called legal units, 
which I may remark have no legal value in England; but with 


the assistance of Lord Rayleigh and the Standardising Committee 
of the British Association, we hope to get even nearer the truth 
than was arrived at with this set of units. Secondly, having got 
there, we hope to keep there by well-devised checks and frequent 
reference to the fundamental measurement. This, as we are at 
present advised, will be the measurement of current by the quan- 
tity of silver deposited from solution in a determined time. 
Thirdly, so soon as we are satisfied that sufficient accuracy and 
permanence has been arrived at with our instruments and methods, 
we shall be ready to receive instruments, either for simple verifica- 
tion in the case of ordinary commercial instruments, at a small 
charge for each reading, or for thorough testing and certification 
in the case of instruments submitted as sub-standards. : 

The rules and charges have not yet been drawn up, but it is 
probable that instruments will be required to be marked with a 
clear and intelligible scale — whether of degrees or volts or 
ampéres, &c., is quite immaterial; the extreme range of the in- 
strument must be given approximately, and whether it is intended 
for alternating or continuous currents or pressure, or for both. 
The reading given by the instrument on its own scale for each 
current or pressure asked for will be taken, probably, in all cases 
both with increasing and with decreasing readings. 

No extreme accuracy will be guaranteed for these readings, but 
it is hoped not to exceed an error of + per cent. from the true 
value. Of course, in the case of ordinary commercial instru- 
ments, we should give no sort of guarantee that the instrument 
will remain constant for any time, or under different conditions. 

Sub-standards will be subjected to long and rigorous testing, 
including the determination of their variation under different 
temperature and the permanence of their constants. I am afraid, 
however, that in most cases there will be some difficulty in giving 
any guarantee of the constancy of an instrument after it has 
passed out of our hands. 

The power for laboratory ge je will be supplied from two 
batteries of accumulators—one of four very large cells simply to 
give steady continuous currents up to 2,000 ampères ; the other, 
consisting at first of 100 smaller cells, will be used directly for 


continuous pressures up to 200 volts, and also to run the 


machinery. The machinery referred to is two pairs of dynamos, 
one of each pair being energised by the cells as a motor and 
driving the one connected to it as a generator. One of these 

enerators will be an alternate current machine, and the other a 

igh pressure continuous current machine. In connection with 
the alternate current machine we shall have a set of transformers. 
In this way we hope to get currents practically as steady as if 
taken direct from the accumulators, and in the case of alternating 
currents and pressures any frequency within the limits of prac- 
tice. The limits we propose to work up to at first are :— 


Continuous current ... sak ... 2,000 ampéres ; 
pa pressure .. we ... 2,000 volts ; 
Alternating current ... sé ... 500 ampères ; 
pressure ... 2,000 volts. 


The building and alterations necessitated are now nearing com- 


pletion, and we hope to have the laboratory in working o in 
about two months’ time. | 


Discussion.—May 15ru, 1890. 
(Authorised abstract.) 


Mr. CrompTon expressed his opinion that the electric lighting 
industries had suffered considerably from over-legislation, and he 
disagreed in toto with Major Cardew’s statement that the Act of 
1882 did not do the amount of harm generally attributed to it. 
He admitted that over-speculation in electric light patents had a 
depressing effect, but he himself could vouch for the fact that the 
Act of 1882 prevented a large central station, in which he was 
interested, from being carried out. Had this been proceeded with, 
experience for which we had now to go to America would have 
been gained first hand. Unnecessary legislation had also caused im- 
mature and incomplete schemes to be brought forward, and seriously 
interfered with the natural development of the industry. The 
question of sites for stations had been placed in an unsatisfactory 
condition, for under present circumstances it was necessary to 


keep their positions secret, and this necessity caused hurried © 


designs and workmanship as well as increased cost. He firmly 
believed that the old method of obtaining private bills, as for gas- 
works, would have been far more satisfactory to all than the 
present system of provisional orders, and he felt quite sure that 


the gasworks clauses could have been easily modified to make . 


them applicable to electric lighting stations. Whilst fully ad- 
mitting that the Board of Trade had done all in its power to make 
the Acts workable, and that the thanks of all interested were due 
to the officials for the great efforts they had made, he could not 
help thinking that the tendency of modern legislation was to inter- 
fere too much, and to show people how to do their own work. The 
case quoted by Major Cardew as to consumers being entitled to 
the choice of two pressures, one about half the other, was in his 
opinion one of undue interference, for it was quite as much a pure 
commercial question as whether a grocer should make up his tea 
in pound or half-pound packages. Another case of injustice 
occurs where the supplier is required to provide larger terminals 
when a greater supply is needed by a consumer than he originally 
estimated. 

Mr. G. Orror endorsed Mr. Crompton’s remarks about the 


‘Board of Trade officials being always anxious and ready to de 


practically with the questions which arose. He also thought that 
we suffer from over-legislation. One serious defect of the present 
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m was the inordinate length of time required to obtain a pro- 
sm order, for the preliminary order must be applied for in 
July whilst the confirmation of the order cannot be granted until 
August in the following year. Should an unexpected dissolution 
of Parliament occur in the interval, the consequences would be 
very serious to the applicants. He submitted that a great 
improvement might be effected by materially shortening the time 
between the application for, and comfirmation of, provisional 
orders ; or, better still, by avoiding the necessity of obtaining con- 
firmation Bills. As this confirmation is not required for licences, 
he thought orders might be treated similarly. As to the position 
of local authorities being more favourable than that of private 
companies under the Acts, he thought this a distinct advantage, 
for it would facilitate procuration of capital for carrying out 

ighting schemes, whilst private companies would obtain the work 
without incurring all the risk. The appointment of electrical in- 
spectors and consulting engineers were points on which he believed 
local authorities were somewhat confused ; and to show the state 
of some minds on the subject, he cited a case in which a local 
authority wished to appoint an inspector, but stipulated that his 
salary was to be paid by the undertakers. 

Mr. J. SHootsrep thanked Major Cardew for the concise 
account of provisional orders which he had given to the Institu- 
tion. There were two points to which he desired to direct atten- 
tion in connection with such orders, viz., the necessity for bye- 
laws and the question of overhead wires. Bye-laws, he said, were 
becoming more and more important for the protection of under- 
takers rather than for customers; this, he was glad to see, had 
been partly recognised by the Board of Trade in ting access 
to consumers’ premises in some cases, but facilities for examina- 
tion of fittings, &c., were still required, for vexatious customers 
can, and do, throw serious difficulties in the way of undertakers. 
As regards overhead wires, he pointed out that considerable com- 
plication had been introduced by the Board of Trade, legalising 
them to some extent, for it would lead to unfair competition. 
Many overhead wires had been erected without statutory powers, 
and if these were permitted to remain, the companies or persons 
in possession, although they did an illegal act in erecting them, 
would be allowed a great advantage over another law-abiding 
company in the same district which was compelled to put its wires 
underground. Referring to meters, he asked if any had been 
certified, and whether steps had been taken towards the formation 
of branch offices at which meter tests could be carried out. Inthe 
event of such offices being established, he wished to know if they 
would be representative of the central office.. Speaking of the 
clauses in the new model provisional order relating to the pressure 
being declared at the customer’s terminals, he pointed out that in 
some cases a consumer may declare a pressure which it would be 
practically impossible for the undertakers to supply. 

The discussion was adjourned to the 22nd inst. 


May 22np, 1890. 


Mr. A. A. Curtis Haywarp remarked thst Major Cardew’s 
paper touched lightly on the appointment of “‘ c.ectric inspectors.” 
He considered the vesting of such appointments for the Metro- 
politan district, in the London County Council, a regretable 
incident, and was glad to note that in future orders the right of 
appointment would be vested in the Board of Trade. The appoint- 
ments were, he said, at present very important, for the public had 
been somewhat alarmed by the sensational accounts of accidents 
in America. The knowledge that properly qualified inspectors 
were to be appointed would tend to restore confidence and give 
great satisfaction to the community. His opinion as to the future 
importance of electric inspectors did not coincide with that of 
Major Cardew, for he believed theirs would be a case of degenera- 
tion rather than one of development. He could not agree with 
Mr. Crompton about over-legislation, and thought the Jatter 
gentleman overstated the case when he said that the gasworks 
clauses might have been easily modified to cover electric supply. 
A real need for a special Act existed, for there were many subjects 
in electric supply, such as overhead wires, &c., which were quite 
foreign to gas distribution. 

Mr. Emite GARCKE said that he was not prepared to discuss the 
details of the lations in the face of Major Cardew’s statement 
that criticism from even a high electrical authority might be 
erroneous. He would rather confine himself to the historical 
facts. The Parliamentary history of electric lighting was unique, 
and the rapid changes that had taken place in the industry were 
phenomenal. The first select committee (he said) was appointed 
in 1879, when the commercial possibility of incandescent lighting 
was unknown. Its fair report encouraged contracting firms to 
promote Bills in Parliament. In the spring of 1882 another select 
committee was appointed, and in the same year the memorable 
Act of 1882 passed. Although its results were lamentable in one 
respect, he thought it not an unmitigated evil. After detailing 
the various attempts to remedy the defects of that legislation, 
resulting in the Act of 1888, he pointed out that rio time had been 
lost, and that progress had been comparatively rapid. He laid 
great stress on the exceptional character of the legislation, even 
of the amended Act, saying that no other industry had ever been 
fenced under such adverse conditions, excepting, perhaps, by the 

ramways Acts, but even this was much more favourable to the 
contractors than the Electric Lighting Act of 1888. The 
exceptional character arose from the fact that Parliament 
refused to put electric lighting corporations on anything 
like the same footing as gas companies, and thus the former 
had to compete on very unfavourable terms. It was in the 


wer of the gas a by foregoing their dividends 

or a year or two, to completely crush electric companies ; for, in 
addition to their power to pay accumulative dividends, they had 
the advantage of practically perpetual tenure, whilst the electric 
companies were limited to 42 years. As regards local authorities, 
he complained that, according to present regulations, it was in 
their power to stifle electric lighting, and as many of them were 
largely interested in gas, he yom poy it was not right that the 
electric companies should be p in such a difficult position. 
To show how vexatious local authorities may be, he quoted a case 
of a central station established in the early days of electre 
lighting. The work was carried out satisfactorily by overhead 
wires until such time as regulations were issued by the Board 
of Trade stating that all wires must be put underground. In the 
face of the 21 years’ purchase clause, it was financially impossible 
to comply with the regulations. When the amended Act was 
passed in 1888, the company applied for a provisional order, but 
were opposed by the local authority, which was at that time nego- 
tiating for the purchase of gas works. He was not aware that any 
other kind of vested interests had been similarly treated. 

Mr. K. L. Murray expressed the great pleasure he experienced 
in hearing the discussion on such an important subject, and at 
being in the presence of so many eminent persons on whose say- 
ings and doings they, in Australia, were so largely dependent. In 
Victoria, he said, they had no Acts of Parliament or regulations 
to control electric supply, and until recently, they had no rules. 
Last year, however, the Victorian Institute of Engineers had 
drawn up a set of rules, based largely on those issued by this 
institution and the insurance companies. He did not agree with 
those who say that electric supply needed no regulation, for defec- 
tive workmanship should be carefully guarded against,and for this 
object rules or regulations were necessary. An Act of Parliament, 
he said, was now expected in Victoria, and the present discussion 
would aid in framing the Bill. A knowledge of what to avoid, as 
well as what to do, may, he hoped, lead to a model Act, from which 
perhaps the mother country might copy with advantage. 

Captain Rowan said that in Australasia, where he had been en- 
g in introducing electric lighting, difficulties arose from want 
of legislation. No public body had power to give authority to lay 
mains or to erect overhead wires, &c., and in consequence, matters 
had come to a deadlock. Mr. Murray, he said, had told them that 
legislation had been delayed until it was known what is to be done 
here. He hoped that the present discussion would materially 
assist those on the opposite side of the globe to hit the happy 
mean, whereby public safety may be assured, without the industry 


being hampered. ‘ma | 

Mr. H. Homan di with what Mr. Crompton said about 
the injustice of compulsory supply at either of two pressures, and 
pointed out that a grocer who made up his tea or sugar in pound 


or half pound packages had not a monopoly granted to him for 42 
years. In his opinion there was no particular hardship to the under- 
takers in the regulation, whilst it was a distinct boon to customers. 
He thought Mr. Crompton, in his remarks about the gas and water 
companies, had overlooked the fact that they had been sources of 
complaints for years. His comparison of electricity with gas and 
water was not legitimate, for in the former case, where such a 
subtle agent as electricity was dealt with, consumers were much 
more at the mercy of undertakers. In America, he said, where 
the industry had not been hampered by legislation, there had been 
so many accidents and fires that the public were now appealing 
for control, and the wish had been expressed that a body analogous 
to our Board of Trade was in existence there. Speaking of safety 
devices, he wished to see their use made compulsory where the 
pressure exceeded 1,000 volts. In conclusion, he said that the Acts 
of Parliament, if harsh, were necessary, and he hoped that those 
who advised the Board of Trade would hold the scales equally 
between consumer and undertaker. 

Mr. A. SIEMENS said it should be borne in mind that the objects 
of the legislation were two-fold: 1st, To empower electric supply 
companies, &c., to lay mains in the public streets and conduct the 
business of supply in a manner recognised by law ; 2nd, To recover 
charges for supply made to consumers. Both these aims were 
intended to confer powers on companies which otherwise they 
could not possess. Originally, he said, the Board of Trade had 
power to grant provisional orders without the consent of the local 
authority, but in the later development neither licenses nor orders 
can be granted without such consent being firstobtained. In con- 
tradistinction to the case quoted by Mr. Garcke, he said that in 
one town a company had started a station in spite of the fact that 
the local authority had obtained a provisional order ; subsequently 
the company wanted to claim compensation for loss of vested 
interests. There was only one point in Major Cardew’s paper 
which he considered disputable, and that referred to testing 
stations at pillar boxes. In his opinion they are unnecessary, for 
a recording instrument in the central station should fulfil all re- 
quirements. If, however, the local authority wanted a separate 
station, that could be easily arranged. 

Mr. J. S. Farrrax hoped that no hard and fast line would be 
laid down as regards the kind of instrument to be used at testing 
stations. In his opinion, the paragraph in Major Cardew’s paper 
referred to some kind of dial arrangement, but he thought one 
on the deposition principle may be more correct. 

Mr. Ep. L. pe Szaonpo did not agree with Mr. Crompton about 
the Board of Trade having gone too far ; in fact, he thought it had 
not gone far enough as regards protection of the public by making 
regulations for insulation tests. He knew a case where a 1,000- 
volt circuit was tested at 100 volts, and he pointed out that to test 
x steam boiler intended to work at 100 lbs., with water pressure at 


| 
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10 Ibs., would be considered ridiculous. The testing of house 
wires was also very important, for in one case he was assured that 
there was no defect in the insulation, for in the contractors’ tests 
no indication of a leak was obtained. On applying Evershed’s 
ohmmeter with about 100 volts a dead earth was indicated. 

Mr. Morpey, in referring to the question of safety devices, said 
it was time the subject was settled. The method of earthing the 
secondary was, in his opinion, perfectly safe. Great opposition had 
been made, particularly by the insurance companies, to its adop- 
tion; but the reasons for such objections were not forthcoming. 
As far as he could see, there was no danger whatever with the 
secondary volts at 100, for by earthing the middle of the secondary 
the greatest difference of potential possible was 50 volts. Besides, 
the method had also the advantage of weeding out all rotten in- 
stallations. They had used the method on the continent, and 
found it quite successful. The fuses, however, often go, owing to 
persons inserting penknives, &c., into the switches for the object of 
obtaining agreeable medical shocks. As regards the Cardew 
device, he pointed out that its cost was not an unimportant item ; 
moreover, it was automatic, and might not go off, and generally the 
a automatic arrangements there are about an installation the 

er it is. 

Mr. A. P. Trorrer enquired what excess of current was required 
to let the fuses off, to which Mr. Mordey replied that about 20 per 
cent. above the normal was the ordinary average; in his opinion, 
such currents could not give rise to fires. 

Dr. FLEmMING asked what occurs in the case of an earthed 
secondary when the primary is also earthed? In Italy, where 
they had had considerable experience in alternate current distri- 
bution, the tendency was in the opposite direction, for the greatest 
care was taken to perfectly insulate both primary and secondary 
circuits. He himself had used an earthed secondary at the Inven- 
tions Exhibition, and had found no difficulty, but he wished to 
ask Mr. Mordey what his experience was. 

Mr. Morpzy said that no difficulties had been met with. 

Major Carpew, in reply, pointed out that the Board of Trade 
could not adjust or redress any wrongs, for such changes in the 
law must be made by Parliament. With respect to the declara- 
tion of pressure at consumers’ terminals, he said this was rendered 
necessary by the introduction of transformers, for it was more 
difficult in such cases to know the fall of pressure in the distri- 
buting mains than in continuous current distribution. He then 
read the following draft which is to be inserted in the new model 
orders :—‘‘ Before on to give a supply of energy to any 
consumer, the undertakers shall declare to such consumer the 
constant pressure at which they propose to supply energy 
at his terminals. The pressure so d at any pair of 
consumer’s terminals shall not, except by agreement, be greater 
than 115 volts, or less than 45 volts, if continuous or the equiva- 
lents thereof respectively, if alternating, and shall not at any time 
be altered or departed from except in consequence of any authorised 
alteration of the corresponding standard pressure. In distribution 
on the three wire system the central terminal shall, for the 
purposes of this regulation, be considered to form a pair with 
either of the outer terminals, and similarly for multiple wire 
systems ; and, in the case of a transformation of energy on the 
consumer’s premises the undertakers shall give the consumer the 
choice of a supply at either of two pressures, one of which shall be 
7 à oran à half the other, and in such case the pressure so 
chosen by the consumer shall be the declared constant pressure.” 
In drafting this clause, he said, advantage had been taken vf the 
flexibility of the transformer system in the interest of consumers. 
Mr. Shoolbred’s questions with regard to meters were answered in 
the pe r itself, for he would there see that they were to be 
certified by a local inspector, and be of a pattern approved by the 
Board of Trade. Mr. Murray’s remarks about contacts between 
telephone and electric light wires needed careful consideration, 
for this was one of the chief sources of trouble and danger where 
high pressures are used. To Mr. Human he pointed out that the 
issue of a provisonal order conferred no monopoly whatever. In 
reply to Mr. Siemens he could not say why the change respecting 
the consent of local authorities had been made by Parliament. 
Such, however, was the case, and the Board of Trade could not 
dispense with that consent except in very special cases. As 
regards testing stations he thought the arrangement he had 
suggested would be more satisfactory to the general public than 
the use of pilot wires and instruments fitted in central stations. 
To Mr. Fairfax he explained that the reference to dial instruments 
in pillar boxes was intended for indicating and not for recording 
instruments. Speaking of safety devices, Major Cardew said the 
plan of earthing the secondary got rid of some defects when the 
earth connection was substantial, but he thought the fire risks 
were increased by such a procedure. He had heard of fires bein 
caused through a small leakage current having gradually charr 
wood, and ultimately set it alight. The apparatus bearing his 
name was, he said, admittedly automatic, but its action depended 
only on gravity and electrostatic attraction, and neither of these 
were likely to alter. 


Physical Society.—June 6th, 1890. 
Prof. W. E. Ayrton, F.R.S., President, in the chair. 


Mr. H. Tomurnson,. F.R.S., read a paper on “The Effect of 
Change of Temperature on the Villari Critical Points of Iron.” 
This, he said, was a continuation of the paper he read before the 
Society on the 21st March, and the methods employed was the 
same as then described (see Phil. Mag., Vol. 28, p. 394). Since 


then, however, he has made experiments at various temperatures 
up to 285° C., the temperature being determined Len the 
resistance of a platinum wire whose temperature coefficient was 
carefully determined. The following table shows some of the 
results obtained with a well annealed iron wire, 1 mm. in diameter 
which had been repeatedly heated up to 300° C., and cooled to the 
temperature of the room until the natant permeability with 


various loads attained constant values at both temperatures. 
Mag. Load in — — the same as for 
| | 
units. 12°C. | 76°C. | 167°C. | 244°C. | 285°C, 
| 
2°84 4°7 56 53 and 12 5°7jand10 None. 
270 99 | 06 9-9 
48 | 18 2°5 2°7 3"land12:3 
769 : None. None. None. None. None. 
10 40 | ” ” | ” ” | 99 


15°32 »”» »” | LE | 3? | 
| 
Curves from which these numbers were obtained are given in the 
paper, and in the load in kilogrammes and percentage change of 
temporary permeability are plotted. From these curves and table 
it will be seen that if the first points in which the curves cut the 
load line be considered, then at all temperatures the Villari 
values increase as the load decreases. If, however, the second 
points be taken, the critical values increase both with load and 
temperature. In both cases the Villari value is increased by rise 


of temperature. From the curves it follows that rise of tempe- 


rature reduces the total variation of permeability producable by 
loading. A table showing the temporary permeability of the 
enlenloé wire at the various temperatures accompanies the paper. 
A 3 r on “ The Diurnal Variations of the Magnet at Kew,” 
by W. G. Rosson and S. W. J. Smiru, was communicated by Prof. 
Riicker. In some preliminary remarks, the Professor pointed out 
the great advisability of having the results of magnetic obser- 
vations .at various observatories reduced and published in the 
same manner, and for the same periods. In order that this may 
be effected, the methods of reduction must be reliable, but not 
very elaborate. The Greenwich plan is too laborious to be gene- 
rally adopted, but the method suggested by Dr. Wild (Rep. 
Brit. Ass., 1885, p. 28), in which the mean diurnal variation is 
obtained from measurements on five quiet days in each month, is 
feasible. With a view to further testing the reliability of this 
method the work described in the paper was undertaken. Mr. 
Whipple had made a comparison of the two methods for the years 
1870-71-72, with the result shown in the following table :— 


Ks — Kw = 0’.7 (minutes of arc) |) Where K, is the mean diurnal 

| range at Kew as obtained by 
Sabine’s method, 

Where kK, is the mean diurnal 

- range at Kew as obtained by 
Wild’s method, 

And a is the mean diurnal range 
at Greenwich by the Green- 

J wich method. 


He also found that the mean hourly differences followed same de- 
finite law. | 

The authors undertook the reduction of the Kew observations 
according to Wild’s method for the years 1883, 1886-87 ; the first 
was chosen as being a year of maximum sun spots. 


The results give :— 1883 G — Ky = l’.5 
1886 ditto = 1’.2 
1887 


There is thus a difference of nearly two minutes in the varia- 
tions at the two places, and this cannot all be accounted for by the 
method of reduction. Another peculiarity is that the range as 
calculated by Wild’s method is greater by about 0’.5 than that ob- 
tained by Greenwich method, although the latter includes days 
of moderate disturbance. The total range at both places has 
diminished by about 1’.6 between 1885 and 1887. The paper is 
accompanied by tables and curves plotted from the differences in 
the mean hourly readings at Greenwich and Kew for each of the 
above six years, and a marked similarity exists between all of them. 
The mean of the six curves differs in no case by more than 0’.4 
from the curve for any year. It is thus possible to calculate the 
Greenwich values from the Kew numbers, and as these latter are 
pone about two years sooner than the former, this fact may 

very important. 

Referring to the reduction of results, Prof. Rucker said that 
the Stoneyhurst observers and Prof. Mascart were willing to adopt 
Wild’s method; Falmouth, he hoped, would follow suit, and 
Greenwich had been asked to publish their results in both ways. 

Mr. WHIPPLE said that before recording instruments were 
available, and the numbers were obtained from separate experi- 
ments, the labour involved was considerable, and a single lar 
disturbance or magnetic storm might vitiate the result of a whole 
year’s work. Methods were therefore adopted to eliminate these 


A — K, = 1.2 


G 1.6 


- disturbances; of these, that used by Sabine may be particularly 


mentioned, although declination records have now been obtaine 
for a considerable number of years the cause of the variations still 
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remains unknown. They do not seem to be dependent on tem- 
ture or on astronomical facts. He considered it valuable to 
obtain magnetic data from different parts of the earth, but com- 
parisons were only possible when all are published on the same 
lan. This he hoped would result from the efforts of Profs. 
Dicker and Adams. When this is accomplished, the observations 
on magnetic force will need treatment ; this work will be laborious, 
and the aid of volunteers like Messrs. Robson and Smith would be 
of t service. 
rof. W. G. Apams said he was glad to see the satisfactory 
nature of the work which had just been brought before the Society. 
Usually the’mass of figures to be dealt with was so large that the 
mere reduction was a great undertaking. If, however, the diffe- 
rence between results obtained by the Greenwich and Wild’s 
method was not more than 0’.4, it may be possible to make out 
the causes of the variations from observations reduced on Wild’s 
plan. He himself would put more faith in horizontal force obser- 
vations, and wished they could be worked out by some ready 
method. He hoped the one adopted in America, of obtaining mean 
curves by photography, may prove satisfactory. 

Prof. PERRY asked if a machine would not be made to do the 
work. 

Mr. WunipPLE said such machines had been used by the Meteo- 
rological Office, but they were so elaborate and expensive that 
clerical work was just as cheap. The method of photographing 
mean curves had been tried at Kew, but it was open to the objec- 
tion that accidental disturbances such as those produced by the 
movement of iron in the vicinity and the approach of cabs, &c., 
were not eliminated. 

Mr. Boys, referring to the use of integrators, said that for a 
harmonic analyser his disc-cylinder pattern was preferable to the 
ball disc-cylinder integrators of J. Thomson, for it is much cheaper, 
and has less inertia. 

The PRESIDENT said the movement initiated by Prof. Riicker 
would be of great service if it resulted in the numbers obtained at 
the various magnetic observatories being published in the same 
way. It was a great advan to have such men, who were not 
permanently attached to an observatory, to take up the subjects 
and suggest improvements. The heads of such institutions were 
usually too much employed in making the necessary reductions to 
have time for devising improved methods. In his opinion, greater 
freedom should be allowed to the chiefs of observatories, for it 
should be borne in mind that the object of observations is not to 
re à volames of figures, but to increase our knowledge. 

ferring to the reduction of observations, he thought the volun- 
tary services of senior physical students should be more generally 
accepted, and to this end he suggested that properly recommended 
persons should be allowed to spend some time in observatories as 
honorary assistants. This would be of great use to the students 
themselves and an advan to the observatories, for the reduc- 
tion of observations could then be expedited. As regards the ac- 
cidental disturbances referred to by Mr. Whipple, he contended 
that regulations should be adopted to render them impossible. 


NEW PATENTS—1890. 


8241. ‘ Improvements in electric lamp hangers.” C. L. Jzr- 
FERS. Dated May 27. (Complete.) 


8242. ‘Improvements in and relating to electric welding or 
metal | apparatus.” W. R. Lake. (Communicated by H. 
Lemp, United States.) Dated May 27. (Complete.) 


8253. “ Improvements in systems of circuits for electric sema- 
hores.” J. F. Srirzez, C. W&iINEDEL, M. SCHWARTZ, 
. REUTLINGER and J. H. Ecetnorr. Dated May 27. (Complete.) 


8254. ‘ Improvements in the manufacture of plates for electric 
accumulators.” R. Happan. (Communicated by F. Pescetto, 
Italy.) Dated May 27. 


8272. “Improvements in the construction of electrical fire or 
burglar alarms.” S. B. WiLzxins. Dated May 28. 


8306. “Improvements relating to electric relays.” H. H. 
Lake. (Communicated by E. F. Law, Russia.) Dated May 29. 


8325. ‘* Improved method of preventing injuries to submarine 
cables, which he designates ‘ Chafe indicative alarm wires.’” J. 
M. A. Poncra. (Communicated by H. Kingsford, Peru.) Dated 


May 29. 
8362. ‘* Improvements in electric locomotives.” 
Dated May 30. (Complete.) 


8393. ‘ Improvements in switches for electrical circuits.” B. 
M. Drakes, J. M. GorHAM and P. J. PRINGLE. Dated May 30. 


8427. ‘Improvements in electric arc lighting.” <A. Apps. 
Dated May 31. 


8471. “An improvement in electrically-driven locomotives.” 
E. H. Moraan. Dated May 31. 


8474. ‘ Improvements in electrical switches.” 
Dated May 31. 


8477. “ Improvements in electric switches or apparatus for 
making and breaking electric circuits.” S. F. Brzvor. Dated 
Dated May 31. 


E. DumMMER. 


C. A. McEvoy. 


ABSTRACTS 
OF PUBLISHED SPECIFICATIONS, 1889. 


2472. “Improvements in secondary ba plates.” W. L. 
Wise. (Communicated from abroad by The Gi Electric Com- 
y of Europe, of Paris.) Dated Feb 12. 6d. A secondary 
ttery plate, according to this utiles. Les a raised border, or 
rim, the base of the said plate being pierced with holes, or per- 
forations. The plate may be made of rolled lead, or it may, if 
desired, be cast in a mould, the base being pierced by perforations 


that may be advan usly inclined to the surface of the plate. 
It is advantageous t the holes, whether mechanically pierced 
or cast, should be so made that the tool used in producing the 


perforations raises a lip at the upper side, and a projection, or 
opening, on the lower surface of the plate. These plates, which 
from their form may be called “ saucer plates,” are filled with the 
active material, or material designed to become active, and the 
said material entering and filling the above-mentioned orations, 
becomes firmly united with the plate. Several such plates are 
arranged horizontally, = ng | positive and negative, to form a 
cell. The horizontal position of the plates prevents the active 
material from falling out, and so making a short circuit between 
the plates, and destroying the battery. 3 claims. 


3363. “Improvements in the manufacture of incandescence 
electric lamps.” J. W. Epmunpson. Dated February 25. 4d. 
Claims :—1. For an incandescence electric lamp, a carbon con- 
ductor coated with a metallic deposit. 2. Coating carbon con- 
ductors for incandescence electric lamps with chromium, in the 
manner described. 

4371. ‘“ Improvements in electricity meters.” G. Hooxsam. 
Dated March 13. 8d. Claims :—1. The arrangement and com- 
bination of parts, consisting essentially of an isochronous pendulum, 
or its equivalent, and a moving part first displaced from its normal 
position by the action of the passing current to be measured, and 
afterwards restored directly or in tly to its normal position 
by the said pendulun, or its equivalent, 
combination being used in conjunction with registering or record- 
ing mechanism. 2. Producing the advance motion and preventing 
the return motion of the registering i 
electricity meters by the employment of camel 


e said arrangement and — 


or recording mechanism of | 
brushes, or 


other brushes made of natural or artificial fibres, arranged so as | 


to act in the manner described and illustrated. 3. Correcting tho 
irre 
of a pendulum having a magnetic operated upon by a solenoid, 
as described and illustrated. 

6171. ‘“ Improvements in means for regulating or controlling 
electric currents.” C.R. Hear. Dated Fil 16 8d. The in- 
ventor provides a pair of rotatable friction discs between which 
is situated a pulley à some part deriving motion from the 

nerating machine or from the axis of the machine itself, the said 
Les being carried by or connected with a solenoid or electro- 
magnet included in the working circuit, so that when the current 
is in its normal condition the discs are both of them out of contact 
with the said pulley, but when the current or increases 
beyond the normal, one or other of the said discs is brought into 
contact with the pulley, and motion in one or other direction is 
given through the one or the other of the said discs, so as to 
actuate a device for increasing or reducing the current to its 
proper normal condition relatively to the requirements for the 
time being of the working circuit. 5 claims. 


6568. “ Improvements in dynamo-electric generators and 
motors.” G.E. Dorman. Dated April 17. 8d. Claims :—1. In 
a dynamo-electric generator or motor an iron tube, or equivalent 
structure, containing two interior pe pieces with field or 
exciting coils arranged around the said pole pieces, the coils being 
bent or shaped to conform with or fit the interior curvature of the 
said tube or equivalent structure, substantially as described and 
shown. 2. Inad o-electric generator or motor an iron tube, 
or equivalent structure, containing two interior pole pieces with 
sectional field or exciting coils arranged ar>und the said pole pieces, 
the said coils being bent into proximity to or to embrace the arma- 
ture, substantially as descri and shown.* 3. In a dynamo- 
electric generator or motor an iron tube, or equivalent structure, 
containing two interior pole pieces with field or exciting coils 
arranged around the said pole pieces, the coils being bent substan- 
tially as described and shown. 4. In a dynamo-electric generator 
or motor an iron tube, or equivalent structure, containing two 
interior pole ricces, and bent exciting or field coils with end plates 
or brackets completely enclosing one or both ends of the said tube, 
substantially as described and shown. 


6570. “Improvements in dynamo-electric generators and 
motors.” G. E. Dorman. Dated April 17. 6d. A dynamo- 
electric generator or motor constructed according to the invention 
consists of a tube of cast or wrought iron, in or against the in- 
terior of said tube being four or more shallow pole pieces, 
attached to or integral with said tube, said pole pieces being equi- 
distant from one another and diametrically opposite one another, 
and centrally within the tube and pole pieces, is situated an arma- 
ture, said armature being supported by end brackets or frames, 
secured to the ends of the tube, which said ends said end brackets 
or frames may ially or entirely enclose. Around each pole piece 
are placed exciting coils, such coils being wound and taped, and 
bent or compressed in a mould or otherwise to the exact curva- 
ture of the interior of the tube; such coils are made in two or 


or more sections, one or more sections being larger than the other 


gularities of electricity meters caused by excess or defect of 
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section or sections in the same coil, and between the exciting coils 
and armature are interposed curved plates of brass or other suit- 
able material, which may rest on ledges on the pole pieces, when 
the pole pieces are detachable, or be held in place by end cylinders. 
4 claims. | 


CORRESPONDENCE. 


Faraday’s Phenomena of the Liberation or Production of 


Ammonia from Alkalis. 


Some time ago I was reading one of Faraday’s papers 
on the phenomena of the evolution of ammonia from 
caustic soda, apparently not containing ammonia nor 
its compounds, when heated with zinc. This subject, 
off and on, has been engaging my thoughts for a long 
time, and I have been raking up a lot of old expe- 
riences in a certain series of cases where, in my 
dealings with alkaline batteries, there used to be a very 
appreciable quantity of ammonia given off in the 
working of the batteries, which were of a primary 
character. Before I go farther, I must mention that 
the explanation of this ammonia phenomena was 
hidden for a considerable time, from the fact of certain 
individuals, whose names, otherwise, I have cause to 
remember, having the audacity, or probably from 
necessity, to make a urinal of a certain number of 
tanks which were employed in dissolving the solid 
caustic soda; and on subsequent occasions, when the 
ammonia made its appearance, it was attributed 
to “the same old cause,” which, as may be guessed, 
was more often a subject of amusement than 
of serious consideration. It transpired later, though, 
that both soda and potash, which had been carefully 
watched from the solid to the liquid condition, and to 
its introduction to the battery cells, still produced 
ammonia, although most abundantly when the circuit 
was closed, to the annoyance of many individuals 
whose olfactory nerves were not chemically educated. 
From this point all manner of theories were advanced 
in explanation, some of which exhibited the rarest in- 
genuity ; such, for instance, as that “‘one of the men 
might have dropped a portion of his bread-and-cheese 
luncheon into the soda, and it was well known that 
caustic soda liberated ammonia from cheese ;” but none 
of the theories were satisfactory when put to the test. 
I took the trouble to trace the source of the crude 
material from which the soda was manufactured—in 
one case, after the source of some potash getting over 
to the German deposits of potassium chloride—but still 
without obtaining any information which threw light 


_ upon the subject, although I felt sure it admitted of 


easy solution, with patience, from the fact that with 
pure soda or potash, arranged under similar conditions, 
and freshly prepared, it did not evolve ammonia. 

After reading Faraday’s paper I reverted back to all 
this, and decided, if possible, to find out the cause ; and 
remembering that weak nitric acid, under the influence 
of nascent hydrogen, produces small quantities of 
ammonia, I began to look for nitrogen compounds in 
the soda. | 

Another subject, slightly connected at this period, 
began to engage part of my attention, from some sug- 
gestions made to me regarding the artificial production 
of nitrates directly. from the nitrogen in air. To test 
the practicability of my friend’s ideas, I devised 
various experimental apparatus to take up any nitric 
or nitrous oxides which might be contained in air, in- 
cluding one form to test if salt, in a moist condition, 
were influenced by air containing nitric oxide, as a 


_ solution of the question of the formation of nitrates in 
_ natural deposits in which the nitrate bed appears above 


the salt. After passing immense volumes of air known 


_ to contain traces of these acid vapours over salt, 


arranged to expose a large surface, I did actually, to 
my surprise, find a small change in the constituents of 
the salt, but not sufficient quantitatively to warrant 


me saying that the formation of natural deposits of 


nitrates could be explained thereby, although the result 


_ pointed to such a conclusion, especially as the condi- 


tions of atmosphere where nitrates are found encourages 


the change indicated, as heavy dews without absolnte 


rain, and frequent electric discharges, to which I will 


afterwards refer. 


I proceeded to try caustic soda for absorbing natural 


acid vapours contained in air, and, exclusive of carbonic 
acid, found the soda absorbed nitric oxide readily. 1 
went further, and constructed an apparatus for pags 


electric sparks through air, with the air kept at various. 


temperatures and under various pressures, and with 
caustic soda present, and found that all the mixed 


nitrogen oxides produced thereby were rapidly absorbed 


by soda or potash. 

From this I supposed that the ammonia liberated in 
alkaline batteries was traceable to the alkali containing 
small quantities of nitrates, from which ammonia was 
produced by the nascent hydrogen set free by the zinc, 
and which was present by the absorption of nitric 
oxides contained in the atmosphere ; and I found that 
I was correct in my supposition by subsequent actual 
experiment. Briefly, my experiments pointed to the 
fact that when ammonia is liberated from caustic soda 
or potash solutions, supposed to be pure, by the action 
of zinc, as in alkaline batteries, it is traceable to the 
solution containing small, may be exceeding small, 
quantities of nitrates as impurities, and which the 
nascent hydrogen, produced from the action of the 
zinc, enables us to detect by the formation of ammonia, 
The nitrates may be present as impurities in manu- 
facture, or caused by absorption when long exposed to 
air, as explained. I found the nitrates in caustic soda 
or potash acted very well as depolarisers, and also in 
salt. The ammonia can be easily detected with the 
eye by having a little copper oxide present, when the 
smallest quantities of ammonia will impart a blue 
colour to the solution. 

James C. Richardson. 


The Lane-Fox Patents. 


I enclose for your information a copy of a circular 


which this company proposes sending to the owners of 
private installations on the Lane-Fox system. These 
circulars have in the first place been sent round to all 
contractors, and they have been asked to co-operate with 
us in collecting the royalties from their own clients. 


C. A. Stephenson. 
June 16th, 1890. 


LANE-Fox ELECTRICAL Company, LIMITED. 


66, Victoria Street, apg S.W., 
June 13th, 1890. 

Sir,—1 write to inform you that this company is prepared to 
grant you a license for the use of the Lane-Fox system of elec- 
trical incandescent light distribution, which has been installed on 
your premises. 

The Lane-Fox system, which is covered by Patent 3988** of 
1878, and others taken out by Mr. Lane-Fox during the years 
1878 to 1883, is for multiple arc distribution of incandescent 
lamps; constant pressure being maintained in the conducting 


mains, and secondary batteries being used as reservoirs of elec- 


trical energy. 
Our terms for a license for the use of thesystem are as follows :— 


For every 16 candle-power lamp, fixed— 
For private houses—1s. 6d. per lamp per annuw. 
For other installations, such as hotels, clubs, and offices— 
2s. 6d. per lamp per annum. 


If payment is made for the current half-year by the 30th inst., 
an indemnity will be granted to you for having used the patents 
prior to the 3lst December, 1889. 

Yours faithfully, 
C. A. STEPHENSON, 


Managing Director Lane-Fox Electrical Co., Ltd. 


[If Mr. Lane-Fox or his advisers imagine that they 
will carry their purpose, we think they sadly. mis- 
judge both the private consumers and contractors. 
This should not be made a public affair, but strictly 
one of business between the Lane-Fox Company and 
the electrical trade. The second paragraph of the 
circular, moreover, is quite misleading. The unwary 
would be led to believe that multiple arc distribution 
is claimed generally, whereas it is only in those 1n- 
stances in which secondary batteries are employed.— 
Eps. ELEC. REV. ] 
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DYNAMOS 


SLOW SPEED Er BEST WORKMANSHIP 


JH. HOLMES à be; 


NEWCASTLE-con- TYNE 
& 74, Coleman Str set. LONDON.FE 


WOODHOUSE RAWSON UNITED, Lo. 


TELEPHONE: 1588, TELEGRAMS: “INDICES,” LONDON. 


| | WHEATLEY KIRK, PRICE & GOULTY, 


| ELECTRICAL | (a VALUERS 


2AREBITE ATORS, 
| | 62, QUEEN ‘VICTORIA STREET, LONDON, E.C., 
And Albert Square, MANOHESTER. 1542 


|| THE ELECTRIC & GENERAL INVESTMENT CO, 


LIMITED, 
Offices :—1 & 2, GREAT WincHESTER STREET, LONDON, E.C. 


-—--- — 


His Grace the DUKE OF MARLBOROUGH, Chairman. 


- 


The Company has been formed for the purpose of facilitating 
} the promotion and development of undertakings for Electric 
i Lighting, Traction, Transmission of Power, and other industrial 
uses of electricity. 

: Communications may be addressed to— 

J. CECIL BULL, 

3827 Secretary. 


LANCUASHIRt AND YORKSHIRE RAILWAY, 


À hens * Compauy have on hand a quantity of Electrical Block 

Signal appliances which they are prepared to dispose of. 
For the. apply to Mr. J. A. F. AspiNaL, Chief 
J Engineer, L. and Y. Railway, Horwich, near Bolton. 


Ë Manchester, J. H. STAFFORD, Secretary. 
June 13th, 1890. | “ne 


NSTRUCTIONS FOR THE LAYING AND JOINTING 

OF UNDERGROUND ELECTRIC CABLES.’ — Pro 

fusely [lustrated.—Translated from the French of Dr. Francois 

Borel. The Kinetic Enoinegrine Co., 26, Norfolk Street 
London, W.C. cu 


LE GENIE CIVIL, 


Weekly Review of French and Forelgn Industries in General, 
6, RUE DE LA CHAUSEE D’ANTIN, PARIS. 


Editor-in-Chief, MAX DE NANSOUTY, Ingenieur des Arts et 
Manufactures, Officier d’Academie, Secretary of the Electrical 
Committee of the Exhibition of 1889. 


THE BEST CONTINENTAL ADVERTISING MEDIUM OF ALL 


All communications for the Advertising or Publishing Depart- 
ment to be addressed to Mr. Bocquer, Genie Crviz Orrics, 6, Rue 
de la Chausée d’Antin, Paris. 102 


VULCANITE. 


HARBURG INDIA-RUBBER COMB COMPANY. 
London Warehouse: F. WINTER, 


188, LONDON WALL WOOD STREET €E.O. 


EBONITE. .. 


CHRAP PREPAID ADVERTISEMENTS, 


Relating to Situations Vacant, Situations Wanied, Businesses 
Wanted, Businesses for Sale, Patents for Sale, Specific Articles of 
any kind Wanted, or for Sale or Exchange, are inserted at the 
rate of ONE PENNY Per Word (minimum 1s.). 


Three consecutive Insertions for the Price for Two. 


*.* This Scale does not any ae Trade Advertisements, terms for which 
had on application. 


ANTED.—Telegraph instrument makers. ew be well up 

in pivoted Dole instruments, &c. Only competent, 

steady and reliable men. Constant employment. Wages 323. per 

week, and piece work.—Apply, Loco. Works MANAGER, L. are 
Railway, Horwich, near Bolton, Lanc. 


ANTED.—Practical man capable of planning and Ro 
the construction of telegraph overhead and d underground 
wires and cables. Permanent employment and good 
suitable man. —Apply, with references, to “ CaBue,” Office of thie 
Paper. 3430 


ANTED.—First-class agents in all the important towns in 

England, to push the sale of a special arc lamp. Special 

terms would be made if well represented.— Address, ‘ 3831,” Office 
of this Paper. Css 


'he respectable, age 18, requires situation as improver in 
any largé electrical firm. Two years’ experience. —“ A. R.,” 
4, Crescent Road, Crouch End. 3825 


re ENGINEER, age 29, 11 years’ practical ex- 

perience in lighting steamships, collieries, mills, &c. Good 
estimator and draughtsman. Five years in last situation, d 
six years in previous one. Excellent references. Madetate 
salary.—‘* No. 3832,” EvectricaL Review, 22, Paternoster Row, 
London. 


LECTRICIAN, A.I.E.E., having worked in two central 
stations, and having had considerable experience with 
Mordey alternating plant, desires engagement. — Address 
Maanet,” Exvectricat Review office, 22, Paternoster Row. 


ELECTRICAL ENGINEER, age 24, desires 


re-engagement, home or abroad. Six years’ varied experience 
arc and incandescent work and accumulators ; good estimator, best 
references, moderate salary.—Address No.3 799, office of paper. a799 


LECTRICAL ENGINEER, knows India and Australia, 
would undertake erection and charge of installation abroad. 
Practical, theoretical ; highest testimonials.—“G.,” Bath Villa, 
bi Green, London. 3800 


[Continued on next Page. | 


FOWLER, LANCASTER & CO. LTD., 


BIRMINGHAM, 
IS NOW THE 


LARGEST MANUFACTORY IN THE KINGDOM 
FOR ALL 


ELECTRICAL SUPPLIES. 
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PATENT 


SCAFFOLDING 


. FOR 


REPAIRING CHIMNEY STACKS. 


English Patent, Registered No. 13,474, 
For straightening, extending, binding stacks and 
fastening lightning conductors, &c., withont 
disturbing the work. 
LOW PRICE AND GUARANTY. 


is sought as + Correspondent and 
Secretary in technical firm ; thorough knowledge of Italian, 

French and German; good references.—Address, “ C. A. S. U.,” 

4, St. Philip’s Road, Dalston, London, N.E. 3786 


LECTKICAL ENGINEER desires engagement at moderate 
salary. Eight years’ varied practical working experience. 
Thoroughly qualified theoretically and practically. Could take 
management if necessary. Excellent references.—‘ 3804,” Office 


of Paper. 


LECTRICAL ENGINEER desires engagement for incan- 
descent, arc, or station work. Home or abroad. Good 
references. Small salary.—‘ 8S,” Office of this paper. 3802 


AT 
“8 


CCUMULATOR RECHARGING.—Cathcart and Peto, 578, 
Hatton Garden, E.C., undertake recharging small sets of 
accumulators, vehicle and stage batteries, temporary installa- 
tion sets, &c., at a fixed rate per unit, on the shortest notice. 
Power always available. 3797 


Et: 


ARCHITECT, 
BERNBURG (GERMANY). 


Anyone copying this Patent will be prosecuted 


OWER-BELL TELEPHONES Wanted; royalty-paid in- 
struments; cheap.—No. 3,816, Ezecrricaz Review oflice, 
22, Paternoster Row, E.C. 3816 


QUALIFIED AGENTS WANTED.  ::9 


each will be paid for of 
TRICAL RaviEw for April 18th, 1890, also for January 3rd, 
ad 17th.—Send to Ezecrricaz Review office, 22, Paternoster | ELECTRIC WIRE CASINGS. 

w, E.C. | 


ECOND-HAND ALTERNATORS—both self-exciting and for 
separate exviters. Sections may be connected in series or 
parallel at will, thus affording wide range of E.M.F, and currents. 
—For full particulars apply ELxcrricaz ENGINEERING Cor- 
PORATION, 68, Victoria Street, Westminster. 3866 


Telephone 
No. 3188 


O BE LET, UNFURNISHED, the House No. 23, Porchester ioe 
L Gardens, Hyde Park, fitted throughout with electric light, 
with laboratory attached containing gas engine and complete mmber Importers,Importersof School Board Foo: ing tloc Fi 
oguny an iber Impo importers 0 00 oo: ing Bloc “igured 


Architect, 39, Great Marlborough Street, W. ds Head Office: 214, PAVILION ROAD, SLOANE SQUARE, 8.W, 
Saw Milis: Stanley Bridge Wharf, King’s Road, CHELSEA. 
FFERS invited for overhead material, lead covered cable, and 
123—30 amp3. portable accumulators.—Apply, Manacer, 
Central Electric Lighting Station (Kensington), Richmond Road,  EXCELSIOER 

— — | ELECTRO-PLATING DYNAMOS 

7 i For Nickel and Silver Plating, Brassing, Electro-typing, &c., 

ESTABLISHED 1880. as used by all the principal Platers in London. 


THE 


PRICES FROM &6. Numerous Testimonials. 


| Railway Engineer VATS, ANODES, AND COMPLETE OUTFITS. 
triad Monty of constrain, ext | CARL OPPERMANN, 41, Sigdon Rd Hackney, NE. 


MONTHLY, ONE SHILLING. 


LITHOGRAPHED WORKING DRAWINGS Le MONITEUR des INVENTIONS INDUSTRIELLES 


Of otter Stock ; Bridges and all 15th YEAR. 
ANNUAL SUBSCRIPTIONS, 
te 149 | BOULEVARD DE STRASBOURG. PARIS. 
OFFICES :—8, CATHERINE ST., STRAND, LONDON, W.C. 


SUBSCRIPTION : 6s. Yearly; 8s. 6d. Half-Yearly, Post Free. 


ELECTRICAL SUPPLIES. 


TRADE MARK. 


CHINA. 
15,000 Lamp Holders, : \ 6,000 Ceiling Connectors, 

3,000 Shade Holders, 700 Wall Connectors, 
ace 2 5,000 Cut-Outs, 13,000 Branch Switches, 
3,000 Main Spring Switches, assorted sizes, 

Mi EAN STOCKED READY FOR IMMEDIATE DELIVERY. 


USE THE PATENT CEILING CONNECTOR. 


USE F. L. & CO’S PATENT LAMP CAPS. 
ALL ELECTRIC LIGHTING AND TELEGRAPHIC SUPPLIES. 


Send for Samples and Quotations. 


FOWLER, LANCASTER & Co., Ltd., Birmingham. 


| 


WILH. EBELING, 
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SHARP & 


MEASURING INSTRUMENTS, 


MARINE TYPE, 
For Ship, Tram, 


VOLTMETER. AMMETER. 


Readingto 75...£5 10 Readingto 75 es 10 


— 


EMA D AE FONTION. 


CONNAUGHT MANSIONS, 34, VICTORIA STREET, WESTMINSTER. 


Telegrams : “ MEGAVOLT, LONDON.” TELEPHONE No. 3125. . | 


Contractors to Enylish & Foregin Governments, 
Railways, Central Stations,&c. 


Splendid Mechanical 


YNAMO 


Construction. 
| Armatures insulated entirely with M1C | 
Armatures and Field Colls 4 | 
LÉ. VENTILATED INSIDE, - | 
POSITIVE DRIVING Long Bearings. Clean and Economical Lubrica‘ ion. Standard Goolden Overtype PF ball | 
f of Conductors. CHEAPER than any Dynamos with Gramme, Drum and Bar Armatures. 
| working with same MARGINAL FACTORS HAVE BEEN ®UILT IN ALL SIZES, | 
AMPLE GLEARANGE BE and at same LOW TEMPERATURE, Some weighing over SEYEN TONS without Engine, & 


for Armatures. games of this t worked at 350 volts. trans 
itt 


ng power in Mines (a severer test than ad 


OT O R uy for some years without a te: being spent in repai 


STRONGLY BUIL. 
Will drive machinery direct with Spur Gearing, without breaking down the armatures. 


HIGH EFFICIENCIES. 


i 


TEAM DYNAMOS 


FOR ANY OUTrUT. 4 


DYNAMOS and MOTORS 


LS | 


\ Nine 


Hil | 


STEAM DYNAMO for ELECTROTYPING. @ 
supplied to Ordnance Survey Dept. bit ii | 


tor with Goolden n Wate t Armature ; 
10 OH. Launch Mc rk with Armature in wa 


WoooFieLo Works, Harrow Roap, % 
LONDON, Ww. 
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Publications. 


THE NINTH ANNUAL PUBLICATION OF 


BERLY’S ELECTRICAL DIRECTORY, 


Bound Scarlet Cloth, Gilt Lettered, 514 Pages. 


Fully Revised and Thoroughly Reliable. 


CONTAINS A LARGER AMOUNT OF COMMERCIAL TRADE MATTER THAN ANY OTHER ELECTRICAL DIRECTORY. 


SECTIONS :—BRITISH, 358 Pages, Red Edges; AMERICAN, 82 Pages, Blue Edges; CONTINENTAL, 94 Pages, Yellow Rages, 


THE LEADING ELECTRICAL TRADES DIRECTORY OF GREAT ns 
AND THE OLDEST ELECTRICAL DIRECTORY IN THE WORLD. 
Post Free Gs. 


Invaluable to Manufacturing Electricians, Electrical Engineers and Contractors, Telegraph and Telephone Constructors, Makers of 


High Speed and other Engines, Motors of all kinds, Driving Bands, Carbons, @hemicals, Insulators and Insulating Materials, Wire and 
€able Manufacturers, Wholesale and Retail Dealers in Electrical Goods, and to Manufacturers of ed article required and used by the 


Electrical Trades. No office is complete without a copy. 


CAN BE OBTAINED THROUGH ANY BOOKSELLER, OR FROM | “il 
Wm. DAWSON & SONS, 148-149, Upper Thames Street, LONDON, E.C. 


. FACTS WHICH PROVE THAT FARADAY’S 


TWO-FORCE THEORY OF ELECTRICITY IS FALSE. 


By JAMES JOHNSTONE, 


LABORATORY, DALHOUSIE TERRACE, EDINBURGH. 
Price Ome Shilling. 38 9 


JUST PUBLISHED, NEW VOLUME OF THE FINSBURY TECHNICAL 
MANUALS. 


With 210 Illustrations, 596 pages, 8vo, cloth, 14s. 


GAS & PETROLEUM ENGINES: 


A PRACTICAL TREATISE ON THE INTERNAL COMBUSTION 
ENGINE. 


By WILLIAM ROBINSON, A.M.I.C.E. M.1.E.E., 


Senior Demonstrator in Applied Physics and Electrical Engineering, City 
and Guilds of London Technical College, Finsbury. 


London : E. & F. N. SPON, 125, Strand. New York: 12, Cortlandt St. 


NOW READY. SIXTH EDITION, REVISED AND ENLARGED. Price 8s. 6d 
(Pocket Size. Leather). 


AN ELECTRICAL POCKET-BOOK 


OF ELECTRICAL RULES AND TABLES, 
By JOHN MUNRO, C.E., and 
ANDREW JAMIESON, F.R.S.E., M.I.C.E., M.LE.E. 


With numerous Diagrams. 


GENERAL CONTENTS.— Units, Testing, Conductors, Dielectrics, 
Submarine Cables, Telegraphy, Electro-Chemistry and Metallurgy, Batteri 
ames ransformers, Electric Lighting, Miscellaneous Recipes, 

ndix, Loga 

EST The SIXTH Raition has been thoroughly revised and enlarged by about 
120 ‘pages and 60 new figures. Among the more notable additions are a new 
Chapter on Dynamos by Prof. S. P. Thompson and an article on Transformers 

p 


by Mr. G. Ka 

"WONDERFULLY . Worthy of all the commendation 
we can give 

“ The STERLING VALBE of f Messrs. Munro and Jamieson’s Pocket-Bonk . 
carried out in a manner which does the greatest credit to the authors.”— 
Electrical Review. 3587 


London: CHARLES GRIFFIN & CO., Exeter Street Strand. 


| 


JOURNAL of the INSTITUTION of ELECTRICAL ENGINEERS. 
Edited by F. H. WEBB, Secretary. 


PART 87, 


Containing the following Papers and full report of the discussion 
thereon, viz., “ On Signalling across Rivers in India,” by W. F. 
Melhuish, Member ; “ The Diathermancy of Air in relation to the 
Efficiency “of Incandescent Lamps,” by Frederick Higgins, Member ; 
‘On Lightning Guards for Telegraphic Purposes, and on the 
Protection of Cables from Lightning,” by Prof. Oliver J. Lodge, 
D.Sc., F.R.S., Member; also description of “ Experiments on a 
Snake with a 2 000 Volt Current,” by W. C.C. Hawtayne, Associate ; 
together with a Classified List of Articles relating to Electricity 
and Magnetism, appearing in some of the Principal Scientific 
Periodicals, English and Foreign, and Abstrac!s of some of them. 


Price 3s. 
Lonpon: E. & F. N. SPON, 125, Strand,. W.C. 


SE A IN. 


THE BEST MEDIUM FOR ADVERTISING IS THE REVIEW 


Gl Glectricista, 


CALLE MUNTAUER 36, BARCELONA: 


Reaches everyone connected with Electrical matters in Spain and 
the South American Republics, also Electric Lighting Stations, 
Mills, Arsenals, Telegraph Officials, &c. 


SEND FOR ADYVERTISOING RATES. 
Subscription 10s. Yearly. 


ELECTRICAL REVIEW. 


IN 22 AND CASES.—Subscribers and others can: der: 

half-yearly numbers bound handsomely in Black 

Cloth a the rate of 3s. 6d. per volume. Cases for binding are 
also supplied at 2s. 6d. each.—22, PATERNOSTER Row, LONDON. 


PATENT 


SELF-BINDERS 


THE “ELECTRICAL REVIEW.” 


Tuts Self-Binder, or Reading Case, is intended to hold Exectrical 
Reviews of any number until the half-yearly volume is com- 
pleted and ready for permanent binding, the width of the 
back being widened or contracted by sliding the back cover in 
or out as ‘desired. 


To be obtained at the Exxcrrican Review office, 22, Pater 


. noster Row, London. 


Price 6s., Post Free (in Great Britain) 6s. 6d. 


Cheques and Money Orders to be made payable to H. ALABASTER 
the latter on Chief Office, London 


[June 20, 1890, 
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TELEPHONE No. sa, | 


BOARD TRADE RULES 


COMPANY, LIMITED, 


27, MARTIN'S LANE, CANNON ST, 


Eee. 


TORPEDO. 


FOR 


AND 


FIRE OFFICE REGULATIONS 


Telegraphic Address: 
“HENLEY’S WORKS,” LONDON. 


| 


WOOLWICH. 


| TELEPHONE S* TELEGRAPH, 
D O 
HIGH TENSION. LOW TENSION. 
ELECTRIC LIGHT. 4 
WORES: 


THE TELEGRAPHIC JOURNAL AND ELECTRICAL REVIEW SUPPLEMENT. 


0’S FITTED WITH 
TEAM BOILERS 
ELIMINATING ALL 
LOCO, MULTITUBULAR, DEPOSIT 


LANCASHIRE and other types, ‘ON BOILER PLATES, 


ENGINEERS & BOILER MAKERS, Constructed for High-Pressure Steaming. 


WALBROOK HOUSE, LONDON, EC. ILLUSTRATED PRICE LIST UPON APPLICATION. 


[June 20, 1890, 


GUARANTEED. 


 oxonoe connor, x. LOGON Office of CHARLESWORTH, HALL & 


EVERY NECESSARY FOR ELECTRIC LIGHTING. 
pS. 
DYNAMOS OF THE BEST CONSTRUCTION. ASS 
MEASURING INSTRUMENTS AT LOWEST PRICES. si 4 


F. ZOPKE, Wilhelm-Strasse, 98, BERLIN, W. 


Office § Warehouse: 34, ALDERMANBURY, LONDON, E.C. Works {Arnolde Rond BOW, EE 


BEFORE ORDERING ELSEWHERE, ASK FOR QUOTATION FOR 
BELLS, WIRE, 


INDICATORS, BATTERIES, 


PUSHES, Measuring Instruments, 


TELEPHONES (for Export), TELEGRAPH MATERIAL, 
&c., &c., 


AND ALL ACCESSORIES. 


ILLUSTRATED CATALOGUE SENT FREE ON APPLICATION. 


THE VICTOR TURBINE 


Possesses more than Double the Capa- f Size 


Two 30-inch Victor Turbines fixed 
on a Horizontal Shaft, and giving out 
over 500 H.P., are at work driving 
THE LARGEST DYNAMO IN THE 
WORLD for Messrs. the Cowles Elec- 
tric Smelting Company, Lor ‘:port 
N.Y., and Two 12-inch giving out 

D 166 H.P., and driving a No.8 BRUSH 
MMM DYNAMO, for the Aspen Electric 
Company, Aspen, Col. 2065 


city of other Water Wheels of same | wheel. Hd-inft. H.P. usetul ‘eect. 
diameter, and has produced the best 
results on as shown in the 
following tests at Holyoke Testing | 25in. .. 1790 .. 6862 .. ‘8584 
Flume. 30 in. 11°65 .. 52°54 ee *8676 
WITH PROPORTIONATELY HIGH EFFICIENCY AT PART-GATE, 


Such results, together with its nicely-working gate, and simple, strong, and durable 

construction, should favourably commend it to the attention of ALL ina —ne 

purchasers. These Wheels are of very sAperior workmanship and — and of the bes 
material.—State requirements, and send for catalogue 


FREDERIC NELL, 16, Mark Lane, LONDON, E.c. & 


THE BABCOCK & WILCOX CO. 


PATENT 


WATER TUBE STEAM 


Specially adapted and generally used for — 


ELECTRIC LIGHTING PURPOSES, 


Because of their Great Economy in Fuel, Safety from Explo- 
sion, Durability; but principally their Entire Reliability. 


The Edison yompeny have have in use upwards of good H.P. of these boilers in all 
arts of the world rtant instaliation meg ie seen at work at the Grosvenor 
allery, London. The Societa Anglo-Roman *Illuminazione di Roma, have had 

lor a considerable pr some 1,400 H.P. Log À be seen, also, at work 


1 
15in. .. 1806 .. 30°17 .. ‘8952 
174in. .. 1796 .. 36°35 .. ‘8980 
20 in. .. 1 4900 .. ‘8582 


: in use, 
at the | installation of the Societa per I’Iiluminazione Palermo, Sicily, 

mperial Continental Gas Association, Vienn having erected an import 

ant installa on these in connection with the lighting of the Grand 

. House in Vienn 

In « unection with ELECTRIC LIGHTING the reliability that can pu on 

X there boilers hus led to their preference over othera and has ensured the large and 

incrensing trude of the Vompuny. 


A VALUABLE BOOK ON STEAM FREE ON APPLICATION. 
European Works: KILBOWIE, near GLASGOW. 
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50,00 HP. in use. 


RÉ London Office: 114, NEWGATE STREET, EC. 
Manchester Omer: 98, DEANSGATE, Paris oe: 20, BOULEVARD VOLTAIRE. Brussels: 14, PLACE DE BROUCKERE, BRUSSELS. 


FOR AUSTRALIA AND NEW ZEALAND, ADDRESS— 


INCANDESCENT LAMPS 


Head Office for Europe: 21, Bothwell St., GLASGOW. 
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TELEPHONE No. 1,982. Telegraphic Address: ** PLATESSA,” LONDON. 


POOLE WHITE, 


58 & 59, BREAD STREET, CHEAPSIDE, LONDON, E.C 


i\ 


No. 15,187. 


A CA > 
A LH à 


\\ 


Ne. 15,252. 


MANUFACTURERS AND SUPPLIERS 


TO THE 


TRADE ONLY ® 
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BALMORAL BUILDINGS, 
91, QUEEN VICTORIA ST., LONDON, E.C. 


Appleton, Burbey Williamson 


MAIN AND DISTRIBUTING SWITCHBOARDS. 


Appleton, Burbey & Williamson 


CHINA SWITCHES, FUSES, CEILING ROSES. 


Appleton, Burbey & Williamson 


CHINA WALL SOCKETS AND LAMPHOLDERS. 


| Appleton, Burbey & Williamson 


MAIN AND BRANCH SWITCHES WITH PATENT 
ADJUSTABLE CONTACTS. 


| Appleton, Burbey & Williamson 


_ WOOD CASING TO ANY PATTERN. 


Burbey & Williamson | 


ELECTRIC BELLS, INDICATORS, PUSHES, &c. 


| Appleton, Burbey & Williamson 


FIRE AND BURGLAR ALARMS, BATTERIES, WIRES, &c. 


ILLUSTRATED CATALOGUE ON APPLICATION. 


STEAM WORKS HATTON GARDEN, 
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WILLANS 


CENTRAL 
VALVE 


(PATENTS or 1884 anp 1885), 
Are made in Ten Standard Sizes, from 3 to 530 I.H.P., with either One or Two Cranks, and for Speeds of from 280 to '700 ?evoluticns. 


They are equally suited for Condensing or Non-Condensing; for the direct driving of High-Speed 
Machines, such as Dymarmrmos and F'ans, or for Driwing General Machinery by Belts or 
Gearing. It is now fully established that they possess Extraordinary Freedom from Wear, a all 
Bearings are in “ constant thrust ” (which is not the case with many Single-Acting Engines), and are Self-Lubricated. Their Small 
Size and Weight, while advantageous in all cases, fit them for uses to which the majority of engines are inapplicable. Al 
except the smallest sizes are made either Simple, Compound, or Triple-Expansion, according to the 
pressure available, and recent trials show that they work with a 


SMALLER CONSUMPTION OF STEAM 


Than any other type of engine in the market indicating equal power. Non-Condensing, a consumption of steam as low as 18-2 lbs, 
per L.H.P. per hour has been recorded, and the Makers are prepared to Guarantee that the larger Condensing Engines 
shall work, at least, as economically as the best class of Compound Corliss Engines, while possessing enormous advantages in 
Lightness, Compactness and Cheapness. 


THE WILLANS CENTRAL-VALVE ENGINE IS WITHOUT RIVAL 


FOR ELECTRIC LIGHTING, 


For which purpose several hundreds have already been applied with the utmost success. Engines are on order at the present 
time for nearly all the most important Public Lighting Stations now under construction in England, and the indicated power of the 
Engines already supplied, or now on order, exceeds 


Thirty-Thousand Horse-Power. 


PRICE LISTS WITH FULL PARTICULARS ON APPLICATION. 


WILLANS ROBINSON, ENGINEERS, 


TELAMES DXT'TON, SURRET. sos 


CHARLESWORTH, HALL 


Glectrical Engineers, 


THE OLDHAM DYNAMO. 


Silver Medal, Barcelona, 1888. | 


1 
QUICK-SPEED ENGINES = + 


SEARCH LIGHT PROJECTORS, &c. 
The following Sizes of Dynamos are now kept it | = | = = 
stock, or in progress, Compound-wound : =|) = 
LAMPS. AMPS. | VOLTS. | SPEED. | PRICES. 4 
84 | 42 100 900 £65 — RS 
420 210 | 100 | 825 | £165 uid 1 


London Agents: 3522 | 


EWEN & CO., Engineers, 87, WALBROOK, E.C. 
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WESTERN ELECTRIC CO. 


TELEPHONIC APPARATUS. | 


ARC LAMPS AND DYNAMOS. 
PATTERSON CABLES FOR TELEPHONES, TELEGRAPHS AND ELECTRIC LIGHT. 


~~ CHICAGO, NEW YORK AND ANTWERP. 190 


CENTRAL 


CROMPTON & COMPANY, LIMITED, ene erected, or are now 


erecting, Central Stations, and manufacturing machinery for same, 
to supply 


321,000 LAMPS. 


This represents two-thirds of the total horse-power being put down | 


in this Country for Continuous Electric Supply, or in other words, 


100,000 LAMPS 


MORE THAN ALL OTHER LOW PRESSURE SYSTEMS COMBINED. 


Full information on the latest developments of Electrical Engineering and Tenders for Central Stations of ! 


any magnitude, can be obtained by applying to— 


CROMPTON & CO. Ltd., 


MANSION HOUSE BUILDINGS, LONDON, E.C. | 


Works :—-CHELMSFORD & LONDON. 


311 


WESTINGHOUSE Co. 


LIMITED, 


4, VICTORIA MANSIONS, 82, VICTORIA STREET, S.W. 
MANUFACTURERS OF 


ELECTRIC LIGHTING 


FOR 


CENTRAL STATIONS & ISOLATED PLANTS. — 
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STREET, LONDON, E.C, | 


i 
‘ 


ESTIMATES ON APPLICATION. 


12. 
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iN OC 


READY FOR IMMEDIATE DELIVERY 


50,000 ft. 11 mm. 12 in. CORED CARBONS 
30,000 ft. , Gin. SOLID 
50,000 ft.12mm.12in. CORED 
30,000 ft. , Gin. SOLID 


SPECIAL RATES QUOTED FOR QUANTITIES. 


2:d. per ft. 


3d. per ft. 


G PAIRS OF EITHER 11 or 12 mm., FOR TRIAL, SENT ON RECEIPT OF POSTAL ORDER FOR as. 


WOODHOUSE «RAWSON 


UNITED, LIMITED, 
88, QUEEN VICTORIA STREET, LONDON, E.C. 


Catalogues “A,” Domestic, and “B,” Contractor's Electrical Supplies, ls. each. 
Daily Calendar for 1890, or Celluloid Paper Knife and Calendar, Post Free, 3d. each. 803 


REID BROTHERS, 


12. WHARF ROAD. CITY ROAD. NW. 


TELEGRAPH ENGINEERS AND CONTRACTORS 
For the Supplying, Erecting, and Laying Down Under-Ground Wires both for 
TELEGRAPHS AND ELECTRIC LIGHTING. 
PNEUMATIC TUBES FITTED WITH ENGINES AND PUMPS COMPLETE. 
MAKERS OF RADCLIFFE’S PATENT ELECTRICAL SIGNAL LOCKING APPARATUS. 


PATENT TELEPHONIC WIRES 
TO PREVENT INDUCTION BOTH FOR UNDER-GROUND AND OVER-HEAD LINES. 


MANUFAOTURERS OF SUBMARINE OABLES, WIRE, IRON POLES, INSTRUMENTS, BATTERIES, INSULATORS AND STORES OF EVERY DESORIPTION. 


101, Leadenhall Street, LONDON,  relegrams: “CALLENDER, LONDON” Telephone, No. 4,485, ° 
LIVERPOOL: 36, Dale Str et. 
Works: ERITH, KENT, Telegrams: “CALLENDER, PICARDY.” Telephone, 8,411, 


UNDERGROUND MAINS 


LAID COMPLETE ON CALLENDER-WEBBER OR SOLID BITUMEN SYSTEMS. . 


LEAD SHEATHED WIRES AND CABLES 


FOR UNDERGROUND WORK, HOUSE AND FACTORY MAINS AND SHIP WORK. 
Concentric Cables- ARMOURED-Metal Sheathed. 


AHRIAL OABLHS. .. 


— 
| 
| | 
| 
| 
à 
4 
4 
| 
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GARDEN. 


HIGH-CLASS ARTISTIC ELECTRIC FITTINGS 


Designed by s. CRICHTON HANNAH, Esq. 
(Exhibitor at the Royal Academy, 1887—1888.) | 


Valuable Models in Stock of Renaissance, Louis XY., Louis XVI., Girandoles adaptable for the Electric Light. 


SKILLED MODELLERS AND CHASERS EMPLOYED. 


SILVER AND COPPER FITTINGS, COPPER STANDARDS, COPPER AND GLASS SUSPENSIONS, COPPER GEILING LIGHTS, COPPER BRACKETS, 
METAL WORK FINISHED IN GOLD LACQUER, ORMULU, ELECTRO OR MERCURY GILDING. 


3510 


ELECTRIC CRANES, 


TRAVELLING, PORTABLE AWD FIXED. 


R. BOLTON & CO., Engineers, 110, Leadenhall St., LONDON, E. C. 


PHŒNIX FIRE OFFICE | SHEPPARD, ALLARTON & MADELEY. 


CLEMENT STREET, BIRMINGHAM, 


(ESTABLISHED 1782.) 3 
CHIEF OFFICE :—19, LOMBARD STREET, E.C. 
WEST END OFFICE :—57, CHARING CROSS, S.W. 
LONDON. . 


FRANCIS MACDONALD, Joint Secreraries. MANUFACTURERS OF 


Lomes paid over 17000000. | BELLS OR GONGS 


ELECTRIC LIGHTING.—16th Edition of the PHŒNIX Of all Sizes and of Best Quality and Finish, 


FIRE OFFICE RULES for installations are up to date and | FOR ELECTRICAL PURPOSES. 


in universal use. 


*,* These Rules are Copyright. 2959 


GLOVE AND GAITER LEATHER 
DRESSERS, LEATHER AND 
WOOL MERCHANTS. 


THE BERNSTEIN ELECTRIC LAMP CO, | rine 


> BUCKETS 
2, MARLBOROUGH MANSIONS, VICTORIA ST., LONDON, SW. AND HOSE. 


OWNERS of the BERNSTEIN SYSTEM of ELECTRIC LIGHTING. 12 FIRST-CLASS 


MEDALS AWARDED. 


‘6@ The lamps of this Company are of low resistance, and | Combs Tannery, Stowmarket. 
entirely free from the claims of other companies. 1120 Price Lists and Terms on Application. 


Used for the last six years with the greatest success. 


| 
be 
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. 
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GOLD MEDALS AWARDED. 


Cheap, Efficient, Strong, Silent. No Sparking! No Overheating! 


ILLUSTRATED CATALOGUES AND PRICES ON APPLICATION. 


| JOHN & Wm. ROPER, BRADFORD, Yorks. 


3915 | 
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| GULCHER ELECTRIC LIGHT & POWER COMPANY, Lo. 


ARE NOW MANUFACTURING SPECIALLY FOR À, 


| TRANSFORMERS \ BATTERSBA | 
BATTER 

DYNAMOS. THE CGULCHER à M MOTORS. 
50 Lights, £60 eh ELECTRIC LIGHT & POWER C° Lim i 4 HP, £60 
, £6 LONDON 9 HP. £76 
«£00 BA 13 HP. £100 


T TER 


ELECTRICAL 


3121 
For Per and Particulars apply IMANAGER, BATTERSEA FOUNDRY, s. ww. 


JOSEPEH BOURNE & SON, 


MANUFACTURERS OF THE WELL-KNOWN 


STONEWARE TELEGRAPHIC INSULATORS AND BATTERY JARS. 


Thirty years these manufactures have been celebrated for a high degree of vitrefaction combined with great toughness and strength. 
Brown Stoneware. White Stoneware. Brown Porcelain. Porous Gels. 
Economy Strength and Durability combined. Prise Medal, Paris Electrical K 
Special rege for Telephone and Rag Lighting Wires. 


Works: DENBY POTTERY, NEAR DERBY. 
London Office: NEW ST. PANCRAS STATION EUSTON ROAD, N.W. 


RAMSDEN, CAMM & CO. 


BRIGHOUSE. YORESHIRE, | 
Iron and Æteel Wire Drawers and G alvanizers. 


MANUFACTURERS OF 


TELEGRAPH, TELEPHONE AND CABLE WIRE, 


Rac: Contractors to H.M. Postmaster-General, the Indian and Colonial Governments and leading Railway Companies 
LONDON CFFICE: 72. KING WILLIAM STREET. E.C. sue 


Sheets, Rods, Tubes, Cells, &c., for Electrical Purposes, 
THE NORTH BRITISH RUBBER CO., LIMITED, 
Edinburgh; London, 57, Moorgate St.; Manchester, 3, Charlotte St. 
| Liverpool, 9, Lord Street ; Glasgow, 106, Buchanan St ; 
 Newcastle-on-Tyne,39, Grainger St.; Leeds,66 & 66, Briggate. 3747 


IMMISCH 
OUR CATALOGUE À ELECTRIC MOTORS & DYNAMOS 


of Accessori 7 | 3 
=e for the Transmission ot Power, te | FOR TRAMCARS 


THE ONLY PUMPING AND HAULING MACHINERY, 


| 
ELECTRIC LAUNCHES, &c., &c. 
| | For Full Particulars, Prices and Estimates apply to— 
| 


BELT PULLEYS, a M. IMMISCH & CO. 
WHEELS, 


Belt Flywheels, Step-Cone Pulleys. 
MROPE PULLEYS, 


Gear Flywheels, Mortice Wheels. 7 | GE N T & CO., 
SHAFTING, | 


Loose Collars, Fast Collars, Couplings. 


FARADAY WORKS, LEICESTER, 
ics | ELECTRIC LIGHT ENGINEERS, 


Manufacturers, Wholesale end for Export, of 


EVERY DESCRIPTION OF ELECTRICAL APPARATUS 
‘ WHOLESALE AGENTS FOR | 


GASSNER’S DRY CELL. 


|| ALSO MAKERS OF 
& ‘i MEDICAT, ‘BATTERIES 
| With special form of Dry Cell, 


WATCHMAN’S CLOC KS. 


TELEPHONES. 
|GENT & CO’S PATENT INSULATED CELL. | 


FIXINGS, 


Wall-Boxes, Hangers, Brackets, Stools. 


HIGHEST CLASS. 
REDUCED PRICES; FREE DELIVERY 
throughout the Kingdom. 


HARPERS ....., ABERDEEN. 


Our new ' <t of CESTINGS of above, # cwt, 
will interest Enzineers with Workshops. 


| | 
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FOWLER-WARING CABLES Co. 


85, QUEEN STREET, CHEAPSIDE, LONDON, E.C., 


Sole Mamufacturers of 


LEAD-COVERED CABLES. 


UNDER THE COMPANY’S PATENTS, 
FOR TELEPHONE, TELEGRAPH, ELECTRIC LIGHT, 


TRANSMISSION OF POWER, 
And Underground Installations of every kind. 


SPECIAL ANTI- INDUCTION TELEPHONE CABLES. 


UNAFFECTED BY HEAT, 
MECHANICAL STRENGTH, 
| HIGH INSULATION, 
| LOW CAPACITY. 


STEAM SHIPS, DOCKS, 
CHEMICAL WORKS, 
FACTORIES, MINES, 
| DAMP PLACES, &c. 


GOLD MEDAL, 


REFERENCES AND PARTICULARS ON APPLICATION. 


ROBEY CO.’S 
Electric Ensines 


COUPLED COMPOUND HORIZONTAL FIXED ENGINE. FITTED WITH 
PATENT TRIP GEAR. 


HORIZONTAL COMPOUND ENGINE. 


ROBEY & CO., GLOBE WORKS, LINCOLN. 
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64-Wire Anti-Induction Telephone. 
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ALLIANCE: ENGINEERING : WORKS WEST DRAYTON .NEA ONDON. 


London Office: PRINCE'S MANSIONS, 68, WESTMINSTER. 
k ALLIANCE ” DYNAMOS AND MOTORS for all purposes. All sizes ready for immediate delivery Made by special machinery in the beet manner possible and 


THE STATTER PATENT CONSTANT CURRENT DYNAMO has higher commoretel than any other, etther or Amerionh. 


AUTOMATIC ENCGINES and DYNAMOS for SHIP LIGHTING 
ing Electrical. Write for Lists. Note to Contractors.—Messrs. Statter do not tender for wiring jobs. Telegrams: “Statter Wea Drayton.” 1951 


CEE AIS. 


ALL KINDS FOR ELECTRICAL WORK, and also for INDIA-RUBBER & GUTTA-PERCHA MANUFACTURERS, 


Supplied ane Shipped at shortest motice by 


G. BOOR & Co. 1 & 2, Artillery Lane, Bishopsgate, LONDON, E. C. 


CONTRACTORS TO THE POST OFFICE, WAR OFFICE, ADMIRALTY, INDIA AND NEW ZEALAND OFFICES AND LEADING TELEGRAPH COS. 


ERNEST SCOTT Co., 


NEWCASTLE-ON-TYNE, 
Glectrical and General Engineers, 


TYNE DYNAMOS, 


TYNE ARC LAMPS, 
TYNE TRANSFORMERS. 


Complete Installations erected by ‘iniitemeel men at 
home and abroad. 


SPECIAL TERMS TO THE TRADE. : 


east, 
— 
- « 
3 
2 
- 


Offices: Telegraphic Addresses: 
LONDON : 110, Lendenhall St ‘ee * Boltonite,” London. 
MANCHESTER : 24, Victorin Hatidin “ Ampère,” M: mchester. 
HUDDERSFIELD: Lanvaster Cioth Halli Sst. * “Dyan mo,’ Hudderatield. 
LASGOW : 53. Wat-ri Stree * Roots,” Glisg 
JOHANNESBURG SOUTH AFRICA. Muthause,” 
urg. 


MARSHALL, SONS & Co. Lro. 


Highest Award MELBOURNE INTERNATIONAL a 1889.- First Prize and Special Mention for fe Se for Engines 
First Prize and Special Mention for Excellence for Thrashing Machinery. 


BRITANNIA IRON WORKS, GAINSBOROUGH. 


London Offices, Show Rooms & Stores :—MARSHALL’S 79, FARRINGDON Be, E.C. 
Telephone No. 6,648. MORE THAN 


2 ENGINES SOLD 
‘hee sn, 


Portable and Semi-Portable Engines, with Underneath Engines, Simple and Compound, for hi 
Automatic Expansion Gear. Economy in Fuel. Vertical Engines and Boilers. 


M. S. & CO. KEEP A LARGE STOCK OF ENGINES &o. OF ALL SIZES AT THEIR LONDON DEPOT FOR IMMEDIATE SELIVERY ON SALE OR HIRE. 
INSPECTION INVITED. SE 


| 
Vertical 


ing and Small 


AS Li. i 
mil 


= = == 


‘ized Engines, 0 19 insid C ank, f C rnish ¢ Loco- | 1 

rank, for Cornish or Installations. agings, with Dire Crank, Single 1 H.P 
ms for Wor . Telezrams London Depot: 
Marshatis, “Gatnsboro’.” New Catalogues, with Current Prices, free on apolication. Engine, London.” 2060 
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The above, which can only be obtained from this house, is 
recognised as the Most Efficient and Economical Jointing 
Material in use. It is composed of a specially-prepared 

India-rubber Compound, protected by a covering of Vul- 
canised Asbestos Sheeting, as shown atove, and asit 
is the only Jointing Material which adequately 
combines PERMANENT ELASTICITY WITH 
HEAT RESISTANCE, the advantages it 
possesses will at once be seen. 


DEFOTS 


MANCHESTER: Cable Street, 
Blackfriars, 


LIVERPOOL: 2, Strand St., James St, 
‘ BELFAST, DUBLIN, ANTWERP, BERLIN, 


BELL’ 


oer 


PATENT 


INDIA-RUBBER - COMPOUND 


SECTION OF SHEETING 


D SECTION OF SHEETING. 
PATENT 


SS 
== 


AGENTS.—BIRMINGHAM—BELL & Co., 7, John Bright Street. 
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SBESTOS 
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| 
| The Centre from which the requisite elasticity is obtained 
will adapt itself to uneven surfaces to which it may be ap- 
plied, and allow the expansion and contraction to be fully 
taken up. The covering being of Asbestos Cloth, imparts 
a protection to the centre and so prolongs its elas- 
. ticity. For Manhole, Mudhole, Steam Pipe, 
and Mash Tun Door Joints it is unequalled, 
and if applied as directed a ring can be 


used many times over. 


DEPOTS: 
HULL : Humber Dock Basin, 
GLASGOW: 35, Robertson Street, 
AMSTERDAM : 264, N, Z. Voorburgwal. 


BARCELONA, TRIESTE, LISBON & GENOA, 
CARDIFF : BELL & Co., West Bute Street, 


BELL’S ASBESTOS 


BOILER PRESERVATIVE 


Will effectually keep Boilers clean and re- 
move any Incrustation, without injury 
to the Boiler Plates or Fittings. 


“se, “ 


_ BELL’S ASBESTOS 
YARN & SOAPSTONE PACKING 


Is the BEST LOCOMOTIVE PACKING made, 


BELL’S ASBESTOS. 
NON-CONDUCTING COMPOSITION, 


loss by radi- =i 

saves 40 per INVENTIONS 


~~" 
L 


; 4 
« LEUR = 
OUR 


Any customer receiving . 
Oil sold as Bell's Asbestos | 
Lubricant, & Cask, Drum, ' 
or Corks not marked as q 


Drums are marked as above. Every Cask is 


cent. of fuel. . a 1885 = ; 

COMPOUND HYDRAULIC PACKING 
IS SPECIALLY SUITED FOR I t t 
HYDRAULIC MACHINERY, ACCUMULATORS, AND AMMONIA Ps pa mee 
AND ALL PUMPS. : 700 
therefore 

ASS gt LLM out wet. 


shown, ts earnestly re- 
Fy quested to forward us 
| sample and particulars 
of where obtaiced. 
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All Corks are sealed as above. . 


sent out as above. 


| 
| mm 
a7 NS 
Made from 1-Ply for Cylinder and Faced Joints to any thickness for uneven surfaces. 
A 
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AU kegs are labelled as 


ADVANTAGES OF ASBESTOLINE. 
ASBESTOLINE is the most efficient Lubricant for all bearings. 
ASBESTOLINE is the cheapest Lubricant. 

ASBESTOLINE «aves from 50 to 90 per cent. of the Cost of Oil. 
Me re ASBESTOLINE is the Cleanest Lubricant. 
nN | ASBESTOLINE is favoured by Insurance Companies. 
—T N ASBESTOLINE is the most Inodorous Lubricant. 
2 Le fm ASBESTOLINE is the safest Lubricant, its flashing point being 700 F. 

ASBESTOLINE has beaten all other Lubricants in making trials. 
nur i ri ASBESTOLINE is applicable in and out doors in every climate. | | 
i ASBESTOLINE requires no special application. BELL’ ASBESTOS. 


CONSISTENCY OF ASBESTOLINE. 


ASB ESTOLINE, to meet all circumstances, is made in four | ASBESTOLINE (C, is for use in tropical climates, both ashore 
degrees of consistency, A, B, C, and CC. and afloat. It is also invaluable in works in this country 
ASBESTOLINE A. is specially adapted to ordinary Land when the temperature is high. 
Engines and Machinery, in and out-door, in this country. | ASBESTOLINE CC, is designed for use on calenders, paper 
ASBESTOLINE B, a little more solid, is for use on Steamships machines, &c., where the bearings are heated by steam 
in temperate climates, also on land when it is desirable to passing through, and sometimes is advantageously used 
have Lubricant stiffer than A. instead of C. 


The reputation of Asbestoline as a lubricant of the highest efticiency in every kind of machinery is established, and it has never been equalled by any other lubricant 
in the numerous cases of special difficulty in which tbe best oils are ineffectual. This reputati n is growing daily, because it is based on the experience of 
thousands of users under the severest circumstances any lubricant has ever been subjecte 1 to, and not on mere laboratory tests and p-ofessional analysis 
of insignificant quantities. It is used with marked -uccess in Steel and Iron Works, Collieries, Cotton and Wool Mills, and other Textile Mésoieutes, In Corn Mills it 
has proved invaluable on the roller and other moderu machines. In Saw Mill: on Machines going up to 5,000 revolations per minute, its work has never been app: oached 
by any other lubricant. Oa Electric Lighting Muchinery, and ia Steamships of all sizes throughout the world, the success of Asbestoline is unequalled. M iny engines and 
machines of all descriptions give trouble and show bad results, both in working and wear, when the system of lubrication has not received due consideration. Engineering 
firms of the highest standing have given to it their powerful testimony and support. 


SUPPLIED ‘IN KEGS, 28 Ibs., 56 lbs., or 112 lbs. 


SPECIAL TERMS FOR LARGE QUANTITIES. 


IMPORTANT TO EX PORT MERCHANTS.—One Pound of “ Asbestoline ” equals 2 gallons of Oil weighing 18 Ibs, 
‘consequently the saving in freight is very considerable, Liberal Terms are conceded to Export Merchants, 


BELL’ ASBESTOS 


w 


SQUARE. 


Every 10 feet has label as above, and bears our Trade Mark. 


Under this registered title are included the inventions of Mr. Field, and experience has provedithem to be 
THE MOST EFFICIENT, DURABLE, AND ECONOMICAL PACKINGS ever made. They constitute such a 
combination of Asbestos and India-rubber as secures the maximum of elasticity and heat resistance, and they 
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are therefore UNEQUALLED FOR EVERY KIND OF ENGINE. ‘These Packings are being universally used by 


most of the leading Steamship Companies throughout the world for ordinary Compound, Triple, and Quadruple 
Expansion Engines of the latest type. These Packings are composed of Rolled Asbestos Cloth, but the India- 
rubber is placed in two forms to suit various cases. 


K=” In state whether or round 


BELL'S ASBESTOS COMPANY, LIMITED, 


SOUTHWARK, LONDON, 
DEPOTS :— MANCHESTER : Cable Street, Blackfriars. LIVERPOOL: 2, Strand St., James St. HULL: Humber Dock Basin. 
GLASGOW: 36, Robertson St. DUBLIN, BELFAST, ANTWERP, BERLIN, BARCELONA, TRIESTE, LISBON, & GENOA. 
No. 264, N. Z. VOORBURGWAL, AMSTERDAM. 


AGENTS: BIRMINGHAM: BELL & C0., 7, John Bright Street CARDIFF : BELL & CO.,; West Bute Street. 3393 
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LIMITED, 
Blanufacturers, 
24, CHARLES ST, HATTON GARDEN, 


LONDON, E.C. 


TWO MEDALS 


AW AFR D EHD 
For Excellency of Manufactures, 


PARIS INTERNATIONAL EXHIBITION, 1889. 
BRITISH ASSOCIATION STANDARD THREADS. 


ALL THESE GOODS ARE SHOWN FULL SIZE AND KEPT IN STOCK. 


THESE SCREWS ARE CUT 
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Po FROM SOLID STRAIGHT DRAWN METAL BY OUR PATENT AUTOMATIC MACHINERY. 301 Ft AR 


ESTABLISHED IN. 1868. 


L Senior GAPETO, MIME, and E. 


| CTRICAL RE! 


ORIGINAL MAKERS. OF THE 


CARDEW VOLTMETER, 


Read Prof. WEBER’s Report. 


the laboratories for alternating current work of the 
Electrotechnical part in the new Physical Institute of the 
| Federal Polytechnical School.at Zurich, I use twelve 
Cardew voltmeters of MM. Paterson & Cooper to measure 
potential differences between 20 and 1,250 volts. 
_ “After receiving these. twelve voltmeters I have made- very numerous 
and exact measurements to get the differences between the indications of 
these voltmeters and the true values of the potential differences. = à 
“The results of ALL these measurements. were VERY: 


Li 


Züvich, April, 1890. « Prof, H. F. WEBER.” 


PATERSON 


| SPECIAL TERMS TO LARGE BUYERS: . 


POWNALL ROAD, DALSTON, NE... 4 | 


1° SILVER MEDAL INTERNATIONAL. ELECTRIO: EXHIBITION, 1862. 


PHILLIPS BROTHERS, 4 

WORKS: THE EN WORKS, WK, LONDON 

RERS OF CABLES, WIRES, &c, TO ANY SPECIF 


| MOZTIPLE CABLES, AERIAL AND SUBTERRANEAN. 
nde Rabe Compound Wie ferry or Telephone an Rect Ball Woes 

FANGY BRAIDED WIRES OF EVERY DESORIPTION. 

COTTON AND ‘COVERED WIRES FOR DYNAMO MACHINES, MAGNETS, &e. à an 


THE SCHOOL OF SUBMARINE TELEGRAPEY 
ELECTRICAL ENGINEERING 


1  PRINOES STREET, HANOVER SOUARE, LONDON; 
Mansger:-Wm. LANT CARPENTER, BA, B.S, FOB 


several 
|. the end of the course of instruction, an Examination for the CamimicaTs 07 Tax Somooi, is conducted an Examiner of | 
high stenting, New Courses usually commence early in January, May, and September. { 
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COMPANY, 


_ Offices and Warehouses: 106 & 100, GANNON STREET, LONDON, EC. | 
| Works: Silvertown, Essex; Persan-Beaumont, France... 


TELEGRAPH ENGINEERS. AND MANUFACTURERS 


—lndie-Rabber and Gutte-Percha covered in all gauges. 
Morse” Intors, Single Noodle, Whoatstone’s Alphabotionl, Semaphore ” Instruments 

BATTERIES-S0L2 MANUFACTURERS FOR GREAT 


and is now in the Post Office and 
dly pre-eminent. iff 


— 


Continental Railways. Battery for all Telegrapbio purposes 


| Porcalsin, Brownware, 
or rex wore von RAILWAY BLOCK SIGNALLING. 


TELEGRAPH STORES AND APPARATUS OF DESORIPTION. 


APPARATUS. 


$88 INDIA-RUBBER, GUTTA-PERCHA AND TELEGRAPH WORKS OOMPANY (Lémated) ane 
and of a Complete System of Torpedoes for Harbour and Coast Defence, 


AND OF THE | | 
SILVERTOWN PATENT FIRING BATTERY. À. 
Constant Battery for Mining and Biesting Purposes. F 
VULOANISED INDIA RUBBER. | 
VALVES SHRRT, BUFFERS, SPRINGS WASHERS WHEEL TYRES CORD TUBING, AND DOOR AND CARRIAGE MATS, | 
INDIA RUBBER AND CANVAS SUCTION AND DELIVERY HOSE. 
INDIA RUBBER and OANVAS STRAM PAOKING — ROUND, SQUARE, and 
INDIA RUBBER MACHINE DRIVING BANDS. 
WATERPROOF GARMENTS AND: FABRICS*”: a 
“Hot affected by Vineyor or or Acid. + | 


GUTTA-PERCHA. 
Tubing, Belting, Bucket, Bosses for Flax Spinning, 


Works: SILVERTOWN, ESSEX, LONDON, E.; PERBAN- BEAUMONT, FRANCE. jf 
London Office—106, CANNON STRBET, EC $= 
‘Warehouse—100, CANNON STREET, EC. 


BRAN CE _WARHEOUSEHS : | | 
GLasaow 20, Dixon Street. 
Bnanronp Yorxsums. .... .. 86, 
oe eee 49, Hig Street. 
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